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1 Introduction | High entropy alloys

Solución sólida de seis componentes. Superficie de entropía de 
mezcla en sistema ternario. 

𝟏 𝒏 ≥ 𝟓 ∧ 𝟓% 𝒂𝒕 ≤ 𝒙𝒏 ≤ 𝟑𝟓% 𝒂𝒕

𝟐 ∆𝑺𝒎𝒊𝒙 ≥ 𝟏. 𝟔𝑹

↑ ∆𝑺𝒎𝒊𝒙 → ↓ ∆𝑮𝒎𝒊𝒙

Solid 

solution >
Intermetallic

compounds

DG = DH - TDS ∆𝐒𝐦𝐢𝐱 = −𝐑෍
𝐢=1
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Grafico Ω vs δ para aleaciones de alta entropía. Fuente: Gao et al. 2016 (Izquierda)
Gráfica VEC para aleaciones de alta entropía. Fuente: Gao et al. 2016 (Derecha).
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2 Synthesis | High entropy alloys|Synthesis

Gao et al. High entropy alloys, Springer, 2016



2 Synthesis | High entropy alloys|Arc melting

Liu et al. Materials & Design (1980-2015) 65:432-437

Gao et al. High entropy alloys, Springer, 2016
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Gao et al. High entropy alloys, Springer, 2016

Wang et al. Coating, 2023, 13, 191 
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Wang et al. Coating, 2023, 13, 191 
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Wang et al. Coating, 2023, 13, 191 
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Gao et al. High entropy alloys, Springer, 2016



2 Synthesis | High entropy alloys|Powder metallurgy

C. Aguilar, Tesis doctorado, 2006
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Gao et al. High entropy alloys, Springer, 2016
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3 Properties | High entropy alloys| Electrical resistivity

AlxCoCrFeNi

Al=1%

Al=2%

Al=1.5%

HP Chou HP et all,  Mater Sci Eng B 163:184–189



Hysteresis curve of sintered test samples of HEA-
Mo and HEA-Nb

Property HEA-Mo HEA-Nb

Ms [emu/g] 62.63 53.27

Mr [emu/g] 2.51 1.17

Mr/Ms [%] 4 2.2

Hc [Oe] 40.69 53.49

Hc [A/m] 3230 4256

Propiedades magnéticas  de HEA-Mo y HEA-Nb

Polarization and coercivity of main soft magnetic 
materials and HEA

3 Properties | High entropy alloys| Magnetic properties

FeNiCoCuMo (HEA-Mo)
FeNiCoCuNb (HEA-Nb) 

P. Martin et al. Metallurgical and Materials Transaction A, 
52 (2021) 1044-1058



3 Properties | High entropy alloys| Electrochemical properties

YY Chen et al. Corros Sci 47(9):2257–2279
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X. Huang, Journal of Energy Chemistry 68 (2022) 721–751



3 Properties | High entropy alloys| Electrocatalysis properties-WS

Hydrogen evolution reaction (HER)

PtAuPdRh
PtAuPdRhRu
PtAuPd-NPs
IrPdPtRhRu HEA-NPs
PtAuPdRhRu HEA-NPs
FeCoPdIrPt HEA-NPs
NiCoFePtRh HEA-NPs
PdFeCoNiCu HEA-NPs
FeCoNiCrMo HEA-MPs

(a) Polarization curves and (b) Tafel plots of PtAuPdRhRu HEA-NPs/carbon-700 C, 

PtAuPdRh/carbon-700 C, PtAuPd/carbon-700 C, and commercial Pt/C catalysts in

1.0 m KOH.

MM Liu, Adv.Mater. Interfaces 6 (2019) 1900015



Oxygen evolution reaction (OER)

CoFeLaNiPt HEA-NPs
np-AlNiCoIrMo
np-AlNiCoIrCu
np-AlNiCoIrNb
Np-FeCoNiCrNb
FeCoNiXRu (X = Cu, Cr, and Mn)
MnFeCoNiCu HEA NPs
Np-MnFeCoNiCu

3 Properties | High entropy alloys| Electrocatalysis properties-WS

(a) Anodic polarization of the CoFeLaNiPt electrocatalyst and its individual 
components starting from the equilibrium potential of OER, 1.23 V vs. RHE. 
Reproduced

M.W. Glasscott, Nat. Commun. 10 (2019) 2650.

IrO2 and RuO2



3 Properties | High entropy alloys| Electrocatalysis properties-WS

Han et al., Matter 6, (2023) 1717–1751



3 Properties | High entropy alloys| Electrocatalysis properties-FC

Methanol oxidation reaction

Pt50Fe11-Co10Ni11Cu10Ag8 HEA-NPs
CuAgAuPtPd HEA-NPs
CuAgAuPtPd HEA-NPs
Pt18Ni26Fe15Co14Cu27 HEA-NPs

H.D. Li et al. Nat. Commun. 11 (2020) 5437.
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X. Huang, Journal of Energy Chemistry 68 (2022) 721–751



3 Properties | High entropy alloys| Electrocatalysis properties-FC

The HEA-NPs exhibit much more atomic arrangements
and numerous possible configurations as shown in Fig

X. Huang, Journal of Energy Chemistry 68 (2022) 721–751
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X. Huang, Journal of Energy Chemistry 68 (2022) 721–751
Rao, Z et al.. Science 378 (2022) 78–85



Muchas Gracias!


