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magnetocaloric effect

refers to adlabatic AT of magnetic material
when subjected to varying magnetic field
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Asisothermal commonly reported using the magnetic measurement data...
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Concept Of HEA 15t generation HEAs:

restricted to
« > 5 principal elements

» equiatomic compositions

0.00 » single-phase metallic solid

1.00 '
Traditional alloys or LEA solutions

Equiatomic HEA .

Today
HEAs have evolved to
2nd generation...
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Configurational entr::u::y,r of mixing
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HEAs are far from being competitive

compared to conventional magnetocaloric materials
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HEA publications

and their different focus

Bibliographic search (WoS)
May 2022 =
May 2021 =

structural functional

JY Law, V. Franco,

Review on Magnetocaloric High-Entropy Alloys:
design and analysis methods,
J Mater Research 38 (2023) 37-51



Magnetocaloric
HEAs

in the literature

RE-HEAs

RE-free HEAs

RE-containing amorphous

RE-containing crystalline
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“aunhion 1o whorm Cormispondence should bé sddressed:

ARSTRACT

Hlipb-tnl.nﬂ alloys (HEA) Bave bocomes & o of hlgh rocarch interoit dug 1o the cxcallent mechanical FropeTties that cam be found in
this nerw type of materiale. However. their functional propertises are usually modest when compared to comventional materials. The discovery
ol Bigh-entropy alloys with an optimal combination of mechanical and functionad propeortion wowld be o leap lesrward in the rellabiliny ol
devices that e them as fusctbonal ehemasits. This Research Update fooaes on magnetocalorc HEAs, showing that o directed seardh strabegy
allows us vo improve thelr perfonmance in g significant way. cosing the pre-existing gap berween mugreiocaloric HEAs and high- performance
magdocalors material, Fusther challerge that remain i= s line of rowarch are highligheol

& 202 Autkse(i) AN ervicle confent, m:pr i -.1'brrl|1:r mobeed, & J.u-nmr wader & Creative Commond Abiributios (OC BY) Boemie

lk.'lr A erralfvncmmana g Ticrmunbe'i ) &

L INTRODUCTION

M..'l.n'_"um fin clrca frve millennia old. and for the vast major-
ity of s past, it has mainly foomed on designimg new alloys by
sdcing minos assounli of demetils 1o of of (wo s consiifucsli.
Uheer tiese, the rmuhhlq-n al I'm..ims e clement sombimations
thal capse & sigmificant enhancemsent of the materiah” propertics
are getting exbauted, which motivases the search for radically
new approsches for alloy developmont. This change of philesophy
arrived with the conoept of Righ-entropy alloys (HEAs), which wmi
liee nnshiple peisscipal clerments (e af mosel b rolatively Bigh con-
comtrations o form materials with & bigh entropy of mixing (A5 ).
HEAs encompass & van compositiosl space, which provide o Large
window of promising opperiusiin for discovory of pew alloys
with valssble properties. In general, there are two widely scoopted
wiyi of definisig HEAs based on e confiperational cntropy amd
enmpation r\;qulrm.-nh

A Entropy-based definition

HEAs are defimed as alloys with five or more principal chmenis,
ehibiting Afn = 15R regardleis of Being dagl of sultiphase
rescm iemperaiure, in which ASe, is caloulsiod as

Al BY & ln 1]

where B is the gan constant and x is the mole frection of the #h
ehement. 11 is worth noting that the entropy of mixing b usually sim-
plied 1o exchusively consisder the configurstional oetropy wnce this
term deminates over the other comtributions to the total entropy
of mixing, which afe vibratoni Eaghic |.1.||'l|J:. i eloctredie
randomss, 3 sl e warboun clamEhcationn of materialy
based om their configarational entropy values and number of prin
cipal elemnenis, where the community prefereanially conuidensd that
ey of 1.3R is large onough to be wed as the boundary between
HEAs and medium-emtropy alloys.

B. Composition-based definition
An alternafe dehinigion, based on the concentration of the
different chements, can be summarized as

Fagior = 5, S0L% 5 ¢ 5 3500 %,
Pmer 2 0, iy £ Yl %

whiere Nmge #nd Nese ropresent the nember of mabor and minor
chemenis, respectively. Minor dlements bere refer 1o chemental sddi-
tives that are asually added to HEA wyvioms for farther tuning
dersired properties. ¢ amed o are the abomic percentage of ith major

and jibh mninos demdnly, fespectively.
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FeCoNiCrPd, , =
FeCoNiCuM

FEﬂ r'C.DL, aNi <Crp ;Mn Al ,
= 0.8 — 1.1 (MCE) (ref 18

Fegq  Niys ;MnGa . Sy,
{MCE) {ref 57)

NigyCr,Mn,;Ge, S,

Magnetocaloric crystalline TM-HEAs

M = Mn, Ag, Pt or Mo (MCE) (ref 55

FeCoNi,, Cr, Al
FeCoMNiCr, Al

FeCoNICr, , x=05-115

* MCE [ref 13)

FeCoNiCrPd,
*  MCE [re

FeCoMNiCrMM ; s = mn, Al Gaor 5o

= MCE [nef 51)

FeCaNiCuAlCr
*  MCE ref 58)
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Search strategy

through the large HEA space

i increasing number of principal elements
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Search strategy

through the large HEA space
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Search strategy

through the large HEA space
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Search strategy

through the large HEA space
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Search strategy

through the large HEA space
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targeted property search

Home > Rare Metals > Article

Frontiers in high entropy alloys and high
entropy functional materials
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Wolume &3, I ite [_P_l i artiche

Rare Metals
Aims and scope
& Acce wvided by Biblioteca de la Universidad de Sevilla Submitmanu!crip:t EY
3 High-entropy alloys as cutting-edge functional
materials

3.2.4 Third-generation magnetocaloric HEAs
Compared to conventional magnetocaloric materials, the second-generation
magnetocaloric HEAs offer an enhanced temperature span of MCE due to the broadened

magnetic phase transition, but at the expense of the magnitudes of AS;;, and AT,y. Law et

magnetocaloric HEAs. It starts from conventional magnetocaloric materials with giant
MCE (i.e., compositions showing a first-order magnetostructural transition) and
subsequently turns them into the HEA category. This search strategy has been successfully
demonstrated in MM’'X-based magnetocaloric HEAs by Law et al. in 2021 [628]. They
obtained a ASis, 0f 7.3 Jkg K1 in AugH = 2.5 T in Mna; 3Fes; 3Nj22 2Ge16 65Si16.65 HEA, which
was further increased to 13 Jkg K ! in augH = 2.5 T by compositional optimization in the
HEA space [629]. Recently, Zheng et al. [630] also reported a large ASis, of 48.5 J*kg K™
under AugH = 5T in (MnNi)g 65ig ¢2(FeCo)y ,Geg 33 HEAs. Additionally, Guo et al. [631]
claimed that the design of high-entropy composition can reduce the undesirable thermal
hysteresis (AThys) of MM'X materials. They obtained a ATy, as low as 4.3 Kin

Mn,55Fe 2sCoNiGe, Sig , HEA alloy, which provides a new strategy to tackle the phase
irreversibility for magnetocaloric materials with a first-order magnetostructural

transition.
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Search strategy

in the vast HEA space
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Phase transition temperatures in good agreement

magnetostructural
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How it compares with literature HEAs §.::=:;5;-Af;_%3;
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and what about with conventional MCE materials
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