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[Google	Scholar]	[CrossRef]Madiligama,	A.S.B.;	Ari-Gur,	P.;	Shavrov,	V.G.;	Koledov,	V.V.;	Calder,	S.;	Mashirov,	A.V.;	Kamantsev,	A.P.;	Dilmieva,	E.T.;	Gonzalez-Legarreta,	L.;	Grande,	B.H.;	et	al.	The	electronic	and	lattice	heat	capacity	in	most	materials	have	a	negligibly	weak	dependence	on	external	magnetic	field,	while	the	magnetic	contribution
strongly	depends	on	the	applied	magnetic	field	and	therefore	determines	the	MCE	value.As	shown	in	[11,310],	the	exact	temperature	at	which	MCE	reaches	its	maximum	in	simple	ferromagnetic	materials	should	be	above	the	temperature	of	the	heat	capacity	maximum	at	zero	magnetic	field,	due	to	the	following	equation:	where	Here,	T1	and	T2	are
the	initial	and	the	final	temperature	of	the	sample,	respectively.In	the	case	of	low	magnetic	fields	and	relatively	high	temperatures	(e.g.,	near	room	temperature),	Δ	T	S	(	T	1	,	H	)	m	a	x	T	1	can	be	neglected.	[Google	Scholar]	[CrossRef]Chirkova,	A.;	Skokov,	K.P.;	Schultz,	L.;	Baranov,	N.V.;	Gutfleisch,	O.;	Woodcock,	T.G.	Giant	adiabatic	temperature
change	in	FeRh	alloys	evidenced	by	direct	measurements	under	cyclic	conditions.	A	solid-liquid	phase	transition	in	isentropically	compressed	Helium-3	is	used	for	Pomeranchuk	cooling	to	sub-Kelvin	temperatures	[14,15].	B	1999,	59,	503–511.	B	2015,	24,	037501.	2017,	114,	410–415.	[Google	Scholar]	[CrossRef]Murthy,	J.K.;	Chandrasekhar,	K.D.;
Mahana,	S.;	Topwal,	D.;	Venimadhav,	A.	[Google	Scholar]Biswas,	A.;	Pathak,	A.K.;	Zarkevich,	N.A.;	Liu,	X.;	Mudryk,	Y.;	Balema,	V.;	Johnson,	D.D.;	Pecharsky,	V.K.	Designed	materials	with	the	giant	magnetocaloric	effect	near	room	temperature.	Magn.	Solid	State	2001,	43,	715–717.	This	phenomenon	is	called	the	caloric	effect,	which	is	typically	the
largest	at	a	phase	transition.	[Google	Scholar]	[CrossRef]Paramanik,	T.;	Das,	I.	1997,	167,	L179–L184.	In	general,	the	MCE	due	to	the	paraprocess	in	fields	lower	than	those	of	technical	saturation	is	extremely	small.	2016,	106,	15–21.	[Google	Scholar]	[CrossRef]	[PubMed]Czernuszewicz,	A.;	Kaleta,	J.;	Lewandowski,	D.	Contributions	due	to
paraprocess,	anisotropy,	and	sublattice	interaction	play	a	significant	role	in	TbxGd1−x	alloys.	In	the	adiabatic	process,	which	happens	without	transfer	of	heat	or	mass	between	a	thermodynamic	system	and	its	surrounding,	this	leads	to	an	isentropic	change	in	temperature	by	ΔTS.	639–645,	ISBN:	030646120X;	030646090X.	[Google	Scholar]
[CrossRef]Born,	N.O.;	Caron,	L.;	Seeler,	F.;	Felser,	C.	Phys.	[Google	Scholar]	[CrossRef]Ma,	S.C.;	Hou,	D.;	Gong,	Y.Y.;	Wang,	L.Y.;	Huang,	Y.L.;	Zhong,	Z.C.;	Wang,	D.H.;	Du,	Y.W.	Giant	magnetocaloric	and	magnetoresistance	effects	in	ferrimagnetic	Mn1.9Co0.1Sb	alloy.	Interfaces	2019,	11,	34827–34840.	2016,	64,	1–19.	[Google	Scholar]
[CrossRef]Pecharsky,	V.K.;	Gschneidner,	K.A.;	Dan’kov,	S.Y.;	Tishin,	A.M.	Magnetocaloric	properties	of	Gd3Al2.	A	2013,	377,	3052–3059.	Poisonous	or	toxic	materials	are	more	expensive	to	handle	during	the	whole	life	cycle	of	materials	and	products.Magnetic	materials	contain	atoms	or	ions	with	nonzero	atomic	magnetic	moments	Ma.
Magnetocaloric	materials	with	a	large	MCE	typically	contain	a	large	atomic	fraction	of	magnetic	ele-ments,	such	as	f-metals	(Gd,	Tb,	Dy,	Ho,	Er,	Tm,	Eu,	Sm)	or	d-metals	(Mn,	Fe,	Co,	Ni,	Cr)	with	a	partially	filled	f	or	d	band,	see	Figure	1.	Great	magnetic	entropy	change	in	La(Fe,	M	)13	(M=Si,	Al)	with	Co	doping.	[Google	Scholar]	[CrossRef]Li,	L.W.;
Kadonaga,	M.;	Huo,	D.X.;	Qian,	Z.H.;	Namiki,	T.;	Nishimura,	K.	2013,	102,	152409.	Figure	4.	Philos.	View	PDFVolume	224,	1	February	2022,	117532	rights	and	content	Ames	Laboratory,	U.S.	Department	of	Energy,	Ames,	IA	50011,	USA	Physics	Department,	M.	Opinion	of	the	authors	does	not	represent	opinions	of	any	governmental
organizations.Zarkevich,	N.A.	Electricity	without	Fuel.	2018,	456,	31–37.	2013,	102,	022408.	However,	the	behavior	of	anomalies	of	the	magnetocaloric	effect,	magnetization,	magnetic	entropy	change	and	heat	capacity	(in	particular,	their	relative	locations	and	field	shifts	relative	to	each	other)	in	low	fields	still	needs	further	investigated.	[Google
Scholar]	[CrossRef]Belozorov,	D.P.;	Lubyaniy,	L.Z.;	Ravlik,	A.G.;	Rusakova,	A.V.;	Samofalov,	V.N.	Prospects	of	Development	of	Magnetizing	Systems	with	Strong	Stray	Field	for	Refrigerators	Based	on	Giant	Magnetocaloric	Effect.	Each	contribution	depends	on	temperature,	value	and	direction	of	the	external	field.	[Google	Scholar]	[CrossRef]Chabri,
T.;	Ghosh,	A.;	Nair,	S.;	Awasthi,	A.M.;	Venimadhav,	A.;	Nath,	T.K.	Effects	of	the	thermal	and	magnetic	paths	on	first	order	martensite	transition	of	disordered	Ni45Mn44Sn9In2	Heusler	alloy	exhibiting	a	giant	magnetocaloric	effect	and	magnetoresistance	near	room	temperature.	2017,	133,	217–223.	For	example,	most	of	the	f-metals	(except	for	the
relatively	cheap	La	and	Ce)	are	rare	critical	materials,	and	their	use	in	mass	production	is	undesired.	Giant	magnetocaloric	effect	in	Tb3Rh.	J.	This	consumption	of	natural	resources	is	not	sustainable	and	results	in	accumulation	of	waste.	[Google	Scholar]	[CrossRef]Tesla,	N.	[Google	Scholar]	[CrossRef]Zarkevich,	N.A.;	Johnson,	D.D.	Shape-memory
transformations	of	NiTi:	Minimum-energy	pathways	between	austenite,	martensites,	and	kinetically	limited	intermediate	states.	2010,	97,	042502.	There	was	a	suggestion	of	a	separate	recycling	for	materials	containing	critical	elements,	such	as	metallic	Gd	and	rare	earth	compounds	(Gd5Si2Ge).	The	value	of	ΔT	in	FeRh	is	large	in	the	first	cycle,	but
becomes	smaller	in	the	subsequent	cycles,	see	Figure	5b.	2013,	102,	022421.	Giant	solid-state	barocaloric	effect	in	the	Ni-Mn-In	magnetic	shape-memory	alloy.	1997,	78,	4494–4497.	The	metamagnetic	behavior	and	giant	inverse	magnetocaloric	effect	in	Ni-Co-Mn-(Ga,	In,	Sn)	Heusler	alloys.	We	pointed	at	the	best-in-class	materials	and	constructed	a
timeline	(see	Figure	2).	In	the	case	of	a	ferromagnetic	material,	the	work	done	to	increase	the	magnetization	of	the	domain	M	D	=	M	S	+	M	I	(where	MI	is	the	change	of	the	domain	magnetization	due	to	the	paraprocess,	MS	is	spontaneous	magnetization),	equals	to	d	W	S	=	−	H	d	M	D	.From	the	second	law	of	the	thermodynamics,	d	Q	=	T	d	S	,	and
from	definition	of	the	heat	capacity	C	=	(	d	Q	d	T	)	at	constant	external	field,	C	H	=	(	d	Q	d	T	)	H	=	T	(	d	S	d	T	)	H	,	using	Equations	(6)	and	(7),	one	can	find:	In	the	adiabatic	process	d	S	=	0	,	hence	the	isentropic	temperature	change	[305]	due	to	the	magnetocaloric	effect	caused	by	a	change	of	external	magnetic	field	is	Here,	the	integration	is	from
H1	to	H2;	H1	is	the	initial	field	at	which	the	initial	sample’s	temperature	is	T1,	H2	is	the	final	field	at	which	the	final	sample’s	temperature	is	T2,	and	C	H	is	the	heat	capacity	at	constant	external	fields.	[Google	Scholar]	[CrossRef]Entel,	P.;	Sokolovskiy,	V.V.;	Buchelnikov,	V.D.;	Ogura,	M.;	Gruner,	M.E.;	Grunebohm,	A.;	Comtesse,	D.;	Akai,	H.	[Google
Scholar]	[CrossRef]Kartashev,	A.V.;	Flerov,	I.N.;	Gorev,	M.V.;	Mikhashenok,	N.V.	Effect	of	Isovalent	Cation	Substitution	on	the	Thermal,	Caloric,	and	Magnetocaloric	Properties	of	the	(La1−yEuy)0.7Pb0.3MnO3	Manganites.	From	direct	to	inverse	giant	magnetocaloric	effect	in	Co-doped	NiMnGa	multifunctional	alloys.	[Google	Scholar]
[CrossRef]Lloveras,	P.;	Samanta,	T.;	Barrio,	M.;	Dubenko,	I.;	Ali,	N.;	Tamarit,	J.L.;	Stadler,	S.	In	1997,	the	MCE	in	Gd5Si2Ge2	[28]	was	giant,	because	it	exceeded	MCE	in	the	known	at	that	time	[36]	rare	metallic	Gd	[27,37]	and	precious	FeRh	[21],	see	Figure	2d.There	are	thousands	of	magnetocaloric	publications,	including	hundreds	of	those
mentioning	a	giant	caloric	effect,	see	Figure	2b.	Diversity	among	the	known	magnetocaloric	materials	increases	with	time.	2010,	107,	043907.	Table	1.	Historically,	the	first	discovered	materials	with	a	large	MCE	contained	expensive	or	rare	elements.	2011,	109,	07A914.	Crystals	2020,	10,	407.	The	maximum	of	this	effect	is	shifted	by	~2	K	compared
to	the	peak	of	ΔT(T)	curve.	2019,	16,	1606–1611.	Technol.	Magnetochemistry	2017,	3,	3.	[Google	Scholar]	[CrossRef]Li,	Z.B.;	Dong,	S.Y.;	Li,	Z.Z.;	Yang,	B.;	Liu,	F.;	Sanchez-Valdes,	C.F.;	Llamazares,	J.L.S.;	Zhang,	Y.D.;	Esling,	C.;	Zhao,	X.;	et	al.	[Google	Scholar]	[CrossRef]Tishin,	A.M.;	Spichkin,	Y.I.	Recent	progress	in	magnetocaloric	effect:
Mechanisms	and	potential	applications.	Status	Solidi	A-Appl.	2002,	252,	370–374.	[Google	Scholar]	[CrossRef]Hu,	S.Y.;	Miao,	X.F.;	Liu,	J.;	Ou,	Z.Q.;	Cong,	M.Q.;	Haschuluu,	O.;	Gong,	Y.Y.;	Qian,	F.J.;	You,	Y.R.;	Zhang,	Y.J.;	et	al.	©	2020	by	the	authors.	Adiabatic	measurement	of	the	giant	magnetocaloric	effect	in	MnAs.	J.	A	significant	fraction	of
consumed	electricity	is	used	for	heat	pumping,	which	results	in	a	targeted	cooling	or	heating	[2].	Significant	interest	was	devoted	to	the	potentially	viable	LaFe13−xSix	[137,200,284,288,290,292],	doped	with	Co	[249]	and	other	additives	[35],	or	partially	hydrated	[52,53,54,55].	[Google	Scholar]	[CrossRef]Guillou,	F.;	Wilhelm,	F.;	Tegus,	O.;	Rogalev,
A.	Giant	magnetocaloric	effect	in	GdAlO3	and	a	comparative	study	with	GdMnO3.	Energy	2016,	1,	16134.	[Google	Scholar]	[CrossRef]Gschneidner,	K.A.;	Pecharsky,	A.O.;	Pecharsky,	V.K.;	Lograsso,	T.A.;	Schlagel,	D.L.	Production	of	the	giant	magnetocaloric	effect	Gd5(SixGe1−x)4	magnetic	refrigerant	materials	from	commercial	gadolinium	metal.
Multicaloric	materials	and	effects	are	extensively	studied	nowadays	[331,332].Most	of	the	materials	with	a	giant	MCE	undergo	a	first-order	phase	transition,	whose	latent	heat	contributes	to	the	amplitude	of	the	caloric	effect	in	these	materials.	[Google	Scholar]	[CrossRef]Wada,	H.;	Tanabe,	Y.	[Google	Scholar]	[CrossRef]Qu,	Y.H.;	Cong,	D.Y.;	Sun,
X.M.;	Nie,	Z.H.;	Gui,	W.Y.;	Li,	R.G.;	Ren,	Y.;	Wang,	Y.D.	Giant	and	reversible	room-temperature	magnetocaloric	effect	in	Ti-doped	Ni-Co-Mn-Sn	magnetic	shape	memory	alloys.	Therm.	(a)	Correlation	between	global	annual	production	and	abundance	of	chemical	elements	in	the	upper	crust	of	the	Earth.	[Google	Scholar]	[CrossRef]Gupta,	S.B.;	Suresh,
K.G.	Giant	low	field	magnetocaloric	effect	in	soft	ferromagnetic	ErRuSi.	Appl.	Sci.-Nanosci.	Giant	magnetocaloric	effect	in	Gd2NiMnO6	and	Gd2CoMnO6	ferromagnetic	insulators.	[Google	Scholar]Pomeranchuk,	I.Y.	Sobranie	Nauchnykh	Trudov.	[Google	Scholar]	[CrossRef]Ou,	Z.Q.;	Caron,	L.;	Dung,	N.H.;	Zhang,	L.;	Bruck,	E.	Mech.	Nevertheless,	the
MCE	sign	is	directly	related	to	the	sign	of	dHcr/dT	derivative,	where	Hcr	is	the	critical	field.	[Google	Scholar]	[CrossRef]Mo,	Z.J.;	Hao,	Z.H.;	Shen,	J.;	Li,	L.;	Wu,	J.F.;	Hu,	F.X.;	Sun,	J.R.;	Shen,	B.G.	Observation	of	giant	magnetocaloric	effect	in	EuTi1−xCrxO3.	2016,	105,	176–181.	2017,	111,	122403.	[Google	Scholar]	[CrossRef]Zhang,	H.;	Xu,	Z.Y.;
Zheng,	X.Q.;	Shen,	J.;	Hua,	F.X.;	Sun,	J.R.;	Shen,	B.G.	Giant	magnetic	refrigerant	capacity	in	Ho3Al2	compound.	A	review	of	the	state	of	the	art	of	solid-state	caloric	cooling	processes	at	room-temperature	before	2019.	The	corresponding	entropy	change	due	to	a	simultaneous	or	sequential	application	of	several	fields	is	and	consequently	Here,	M	is
magnetization,	p	is	polarization,	V	is	volume,	H	is	magnetic	field,	E	is	electric	field,	P	is	pressure,	and	T	is	temperature.In	particular,	magnetic	transitions	can	be	governed	by	a	changing	external	magnetic	field,	while	a	transition	between	two	phases	with	different	densities	(and	different	volume	per	formula	unit)	is	affected	by	pressure.	2016,	107,	1–8.
[Google	Scholar]	[CrossRef]Chen,	J.H.;	Bruno,	N.M.;	Karaman,	I.;	Huang,	Y.J.;	Li,	J.G.;	Ross,	J.H.	Direct	measure	of	giant	magnetocaloric	entropy	contributions	in	Ni-Mn-In.	Acta	Mater.	Rotational	magnetocaloric	effect	of	anisotropic	giant-spin	molecular	magnets.	Accordingly,	it	can	be	assumed	that	the	phase	transformation	shifts	away	from	the
transition	temperature	in	zero	field	faster	than	MCE	increases	when	the	magnetic	field	is	applied,	that	is,	MCE	cannot	exceed	the	value	of	dTc/dH,	where	Tc	is	the	transition	temperature.For	many	magnetocaloric	materials,	the	influence	of	the	magnetic	field	on	the	MCE	maximum	value	in	high	fields	is	known	from	literature.	2003,	32,	962–964.	Non-
toxic	caloric	materials	(such	as	Ni37.5Co12.5Mn35Ti15)	contain	metals	and	can	be	recycled	together	with	metals.The	correlation	between	elemental	abundance	and	mass	production	provides	constraints	on	chemical	compositions	of	materials,	viable	for	industry.	[Google	Scholar]	[CrossRef]	[PubMed]Li,	L.W.;	Nishimura,	K.;	Kadonaga,	M.;	Qian,	Z.H.;
Huo,	D.X.	Giant	magnetocaloric	effect	in	antiferromagnetic	borocarbide	superconductor	RNi2B2C	(R	=	Dy,	Ho,	and	Er)	compounds.	For	example,	in	Dy	with	a	negative	MCE	in	low	fields	the	phase	boundary	shifts	towards	lower	temperatures,	see	Figure	2	in	[311].Thus,	a	change	in	the	sample	temperature	due	to	MCE	cannot	bring	the	sample	to	a	new
phase.	For	completeness,	we	mention	Mn3CuN1−xCx	[147]	and	molecular	magnets	[128].One	can	see	trends	towards	increasing	MCE,	replacing	toxic	elements,	and	eliminating	expensive	and	critical	elements,	leading	to	a	cost	reduction	of	the	best-in-class	materials	[30,31,296].	[Google	Scholar]	[CrossRef]Shen,	B.G.;	Sun,	J.R.;	Hu,	F.X.;	Zhang,	H.W.;
Cheng,	Z.H.	Recent	Progress	in	Exploring	Magnetocaloric	Materials.	2014,	53,	063001.	2013,	102,	122405.	Mosc.	2016,	6,	23386.	However,	to	be	viable	for	industry,	magnetocaloric	materials	should	be	made	from	inexpensive,	abundant,	and	safe	elements	[30,31].The	cost	of	a	material	combines	prices	of	its	constituents,	manufacturing,	shipping,	and
handling,	and	can	be	further	increased	by	taxation	and	human	greed.	[Google	Scholar]	[CrossRef]Boutahar,	A.;	Lassri,	H.;	Hlil,	E.K.	Low	Temperature	Giant	Magnetocaloric	Effect	and	Critical	Behavior	in	Amorphous	Co100−xErx	(x	=	55,	65)	Alloys.	Matter	2004,	16,	L39–L44.	2016,	108,	102401.	Magnetocaloric	effect	of	gadolinium	in	high	magnetic
fields.	[Google	Scholar]	[CrossRef]Midya,	A.;	Khan,	N.;	Bhoi,	D.;	Mandal,	P.	[Google	Scholar]	[CrossRef]Zarkevich,	N.A.	Structural	database	for	reducing	cost	in	materials	design	and	complexity	of	multiscale	computations.	[Google	Scholar]	[CrossRef]Zhang,	Y.K.;	Guo,	D.;	Xu,	H.;	Ren,	Z.M.;	Wilde,	G.	B	2008,	64,	19–25.	A	separate	recycling	of
magnetocaloric	materials	is	problematic	due	to	a	rapid	change	of	compositions	of	the	best-in-class	materials,	purity	constraints,	and	a	relatively	low	market	share.	Materials	containing	highly	toxic	arsenic	include	MnAs	[123,131,210,238,245,246,256,265,273,276,282,289]	and	MnFe(P,As)	[48,49,239,298].	Properties	of	the	best-in-class	materials	are
compared	in	Figure	2c.	[Google	Scholar]	[CrossRef]Huo,	J.T.;	Zhao,	D.Q.;	Bai,	H.Y.;	Axinte,	E.;	Wang,	W.H.	Giant	magnetocaloric	effect	in	Tm-based	bulk	metallic	glasses.	[Google	Scholar]	[CrossRef]Li,	L.W.;	Hutchison,	W.D.;	Huo,	D.X.;	Namiki,	T.;	Qian,	Z.H.;	Nishimura,	K.	Giant	direct	and	inverse	magnetocaloric	effect	linked	to	the	same	forward
martensitic	transformation.	B	2014,	89,	184403.	The	extremums	of	both	(	∂	M	(	T	,	H	)	∂	T	)	H	and	C	(	T	,	H	)	do	not	coincide	in	a	general	case.	Composition	(with	critical	or	undesired	elements,	if	any),	caloric	response	ΔST	(J	kg−1	K−1)	and	ΔTS	(K)	at	2	Tesla	magnetic	field	change,	phase	transition	Tc	(K),	and	hysteresis	width	ΔTh	(K).	[Google
Scholar]	[CrossRef]Cui,	J.;	Chu,	Y.S.;	Famodu,	O.O.;	Furuya,	Y.;	Hattrick-Simpers,	J.;	James,	R.D.;	Ludwig,	A.;	Thienhaus,	S.;	Wuttig,	M.;	Zhang,	Z.;	et	al.	Solids	2013,	359,	1–4.	Field-driven	structural	phase	transition	and	sign-switching	magnetocaloric	effect	in	Ni-Mn-Sn.	Appl.	Solid-solid	phase	transitions	in	magnetocaloric	materials	can	be	used	for
energy	transformations:	for	cooling	and	heat	pumping	[10,16,17]	at	various	T,	including	cryogenic	and	room	temperature	(RT),	as	well	as	for	generating	electricity	from	a	changing	temperature	[1,18].	B	2015,	91,	184405.	ACS	Appl.	However,	magnetic	contribution	to	the	total	entropy	competes	with	electronic	and	lattice	contributions.	Giant
refrigerant	capacity	in	equi-atomic	HoErGdCuNi	amorphous	ribbons.	[Google	Scholar]Zverev,	V.I.;	Tishin,	A.M.;	Kuz’min,	M.D.	The	maximum	possible	magnetocaloric	ΔT	effect.	However,	most	considered	materials	are	not	economically	viable,	because	they	contain	precious	metals	(Rh,	Pd)	[21,22,24],	rare	earth	[12,38,39,40,41],	expensive	germanium
[42,43]	or	gallium	[28,44],	toxic	elements	[45,46,47,48,49,50,51],	or	hydrogen	[52,53,54,55],	which	is	released	in	a	gas	phase,	see	Figure	2c.	Giant	Anisotropic	Magnetocaloric	Effect	in	Double-perovskite	Gd2CoMnO6	Single	Crystals.	[Google	Scholar]	[CrossRef]	[PubMed]Gimaev,	R.;	Spichkin,	Y.;	Kovalev,	B.;	Kamilov,	K.;	Zverev,	V.;	Tishin,	A.
However,	it	is	possible	to	neglect	several	contributions,	if	they	are	small.	Theory	[312]	is	compared	to	experimental	data	for	Gd	[38],	Tb	[313],	and	Ho	[314].	Sample	dependence	of	giant	magnetocaloric	effect	in	a	cluster-glass	system	Ho5Pd2.	2003,	83,	515–517.	[Google	Scholar]	[CrossRef]Zhang,	X.X.;	Zhang,	B.;	Yu,	S.;	Liu,	Z.;	Xu,	W.;	Liu,	G.;	Chen,
J.;	Cao,	Z.;	Wu,	G.	[Google	Scholar]	[CrossRef]Chen,	F.H.;	Gong,	C.W.;	Guo,	Y.P.;	Zhang,	M.G.;	Chai,	Y.S.	Martensitic	transformation	and	giant	magnetic	entropy	change	in	Ni42.8Mn40.3Co5.7Sn11.2	alloy.	[Google	Scholar]	[CrossRef]Tishin,	A.M.	Magnetocaloric	effect	in	the	vicinity	of	magnetic	phase	transition.	[Google	Scholar]	[CrossRef]Mo,	Z.J.;



Sun,	Q.L.;	Shen,	J.;	Yang,	M.;	Li,	Y.J.;	Li,	L.;	Liu,	G.D.;	Tang,	C.C.;	Meng,	F.B.	Influences	of	La	and	Ce	doping	on	giant	magnetocaloric	effect	of	EuTiO.	Change	in	entropy	at	a	first-order	magnetoelastic	phase	transition:	Case	study	of	Gd5(SixGe1−x)4	giant	magnetocaloric	alloys.	A	few	contain	precious	Rh	(e.g.,	FeRh	[24,222,278,279]	and	Tb3Rh	[270]).
The	number	of	known	materials	(composed	from	a	finite	set	of	chemical	elements,	see	Figure	1)	and	the	largest	known	MCE	increase	with	time,	see	Figure	2.Magnetocaloric	materials	are	magnetic:	they	have	constituting	atoms	with	non-zero	atomic	magnetic	moments	Ma.	In	a	nonmagnetic	(NM)	state,	atomic	magnetic	moments	are	zero	and	there	is
no	net	magnetization.	[Google	Scholar]	[CrossRef]Zhou,	X.Z.;	Li,	W.;	Kunkel,	H.P.;	Williams,	G.	Marked	are	the	most	magnetic	elements	(atoms	or	ions	in	neutral	or	partially	oxidized	states).	The	estimates	for	realistic	materials	provide	the	maximum	values	from	8	to	10	K/T.From	the	equation	for	heat	capacity	at	constant	pressure	C	p	(	T	,	H	)	=	T	(	∂	S
		(	T	,	H	)	∂	T	)	H	,	P	and	Equation	(1),	where	CL	(T)	is	the	lattice	contribution	to	the	heat	capacity,	Cel	(T)	is	the	electronic	(without	magnetic)	contribution,	CM	(T,H)	is	the	heat	capacity	of	the	magnetic	subsystem.	2003,	91,	197204.	For	example,	in	the	CaloriCool	approach	[3,29]	over	104	(ten	thousand)	magnetic	phase	transformations	were	rapidly
screened	and	less	than	102	(hundred)	systems	were	pre-selected,	out	of	which
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