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1 Introduction | High entropy alloys
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X. Han et al., Matter 6 (2023) 1717-1751
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2 Synthesis | High entropy alloys|Synthesis

Component elements

N

Solid mixing Liquid mixing Gas mixing
Mechanical Arc melting, Bridgman solidification, Sputter,PLD,
alloying Laser cladding, LENS ALDMBE

\ J
1

High Entropy Alloys

Gao et al. High entropy alloys, Springer, 2016



2 Synthesis | High entropy alloys|Arc melting

Gao et al. High entropy alloys, Springer, 2016
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2 Synthesis | High entropy alloys|Laser Cladding

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



2 Synthesis | High entropy alloys|Laser Cladding
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2 Synthesis | High entropy alloys| PVD
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2 Synthesis | High entropy alloys|Electrochemical deposition

Preparation Methods Characteristics

The melting temperature is high, and it can be melted
Melting-casting method many times. The melt is mixed evenly, and the low
melting point impurities are volatile.
The particle size can be controlled and the mechanical
properties can be effectively controlled.
It can rapidly solidify, inhibit the precipitation of
Laser cladding intermetallic compounds and promote the nucleation
of solid solution.
The sputtering power can affect the grain size, change
the film composition and control the film thickness.
The coating is dense and smooth, the mechanical
Thermal spray technology occlusion between the coating and the substrate is

good and the interface bonding is good.

The structure of the deposited layer can be accurately
Electrochemical deposition method controlled, the equipment is simple, the energy

consumption is low and the operation is ecasy.

Mechanical alloying method

Magnetron sputtering




3 Properties | High entropy alloys| Electrical resistivity
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3 Properties | High entropy alloys| Magnetic properties
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3 Properties | High entropy alloys| Electrochemical properties
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3 Properties | High entropy alloys| Electrocatalysis properties

[ Total HEAs publications

—u— Reported Noble metal-based
HEA NPs for electrocatalysis
(before November, 2021)
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o
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the title containing High entropy alloy
Number of Articles of Noble metal-baesd
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Number of published Articles and Patents with

X. Huang, Journal of Energy Chemistry 68 (2022) 721-751
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MM Liu, Adv.Mater. Interfaces 6 (2019) 1900015
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Table 2. Electrocatalytic activity of representative HEAs electrocatalysts

HER
Electrocatalyst Electrolyte Current density (mA cm ) Overpotential (mV) Tafel slope (mV dec B Reference
NiCoFePtRh HEA nanoparticles 0.5 M H2504 10 27 301 Feng et al.®”
PtNiFeCoCu HEAs nanoparticle 1.0 M KOH 10 1 30 Lietal.®
PdPtCulNiF HEMG 1.0 M KOH 10 32 37.4 Jia et al %
0.5 M H;50, 10 62 44.6
MNanoporous NiCoFeMoMn HEAs 1.0 M KOH 1000 150 29 Liuetal.’™
OER
Electrocatalyst Electrolyte Current density (ma cm ™2 Overpotential (mV) Tafel slope (mV dec " Reference
FeCoNiMnRWCNFs 1.0 M KOH 100 308 &/.4 Hao et al 1%
FeCoMilrRw/'CMNFs 0.5 M Hz50, 10 241 153 Zhuetal.'™
FeCoNiMa/C 1.0 M KOH 10 250 48.02 Mei etal.'™
MNanoporous AINiCoFeX (X = Mo, Nb, Cr) HEAs 1.0 M KOH 10 240 446 Qiu et al. ™’
ORR
Electrocatalyst Electrolyte Half-wave potential (V) Mass activity (A MOneble metal ) Tafel slope (mV dec b Reference
CoFeNiCuPd structure-ordered HEAs 0.1 MKOH 0.50 2037@09V 25 Thu at al.*!
PtPdFeCaoMi HEAs 0.1 M HCIO, 0.92 1.230@009V - Yuetal.
Manohollow PdCuMoNiCo HEAs 0.1 M HCIO4 0.86 oesze@osVv - Zuoetal.'”
HOR
Electrocatalyst Electrolyte Mass activity (A MGnabie metal Reference
PtRuMNICoFeMo HEA subnanometer nanowires 0. 1MEKOH 675 @50 mv Zhan et al.8
CORR
Electrocatalyst Electralyte FELcooH max FE=1 ma Potential Reference
PdCuAuAgBiln HEA aerogels E:gch:jg 98.1% 100% —1.1 Vere Zhan et al .55

Han et al., Matter 6, (2023) 1717-1751
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Structure characterization & Electrocatalysis

Material synthesis

Activity descriptor

Computer-assisted understanding

X. Huang, Journal of Energy Chemistry 68 (2022) 721-751



4 Remarks | High entropy alloys

Theory

L

Wind, solar, hydro / E

¢, BBER Electricity
. o,
L &;}‘/\N 40

Synthesis

Application :¥*

J
e

Characterization
CH0O,,

X. Huang, Journal of Energy Chemistry 68 (2022) 721-751



4 Remarks | High entropy alloys

Gyt Characterization ‘
. Structures

54 it Composites
Ay,
— Performance Syhithesis
Machine
@ Learning
Theory
Design Strategies

L

i B >
o e

*e Y, ¥y Stability

il g

~—adbe o 2

HEANPs

X. Huang, Journal of Energy Chemistry 68 (2022) 721-751

i e i e e A
s N

Latent space sampling
7 B Physical properties
| Ammoy {TTs |
! ol YN |1 ~1,000 DFT and Thermodynamic
H ol =] aiiNael | degandidates calculation
1 01090 iy N
| Teve N
Invar database ' Autoencoder *e  Targeted E \ ‘
---------------- 1 training generation|
Fe Ni_Co Cr Cu T R e N ! ememmme e mm e e ee e ——— %
69 01 00 00 00]| | :' ‘:
08 02 00 00 00 ! : R i
: | + f}{ ;
: ! o O '
: i Active learning loop | :
e - : == :
! L
05 02 03,00 00} 1} \  Neural network Boosting Tree H
o3 02 02 02 01] ! - *f
o4 04 00 02 0o] Two-step ensemble
------------- 4 Fo Ni Co Cr Cu Mok - regression model
Feedback to bs 92 03 00 walfial| 1" c5ngigates
the databasa b3 02 02 02 o1][F]
T
Experimental validation Ranking policy
Cc .
hardness
3F ]
m -
A 2t . pe
dhmix = = 2 .‘;. ! !
- $ 1 it i
S = .'
T K ok
m 0 i) .' .
- e - [ 1] ¥
s o ~1 [l &~ e i
i 2 ..’o‘ .-.~"'
m -2 -1 0 1 2 3
Canonical variate, V("

Rao, Z et al.. Science 378 (2022) 78—-85



Muchas Gracias!

I LATAM MEETING ON'GREEN
R’ AMMONIA AND POWER-to-X

10Y 11 DE ENERO DE 2024

AUDITORIO FADEU CAMPUS LO CONTADOR -UNIVERSIDAD CATOLICA DE CHILE



