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We herein investigated the structural, magnetic, and magnetocaloric properties of MnygAlzoCo14FezqxCras.chigh
entropy (HE) alloys by experimental determination and first principle calculations. The results indicated that
these alloys were crystallized in a disordered body-centered cubic structure.The Fe substitution of Cr enhanced
the energy and net magnetic moment of these alloys, resulting in the improvement of magnetic properties. All the
MngoAlzoCo14FenoxCroe.« HE alloys underwent a second-order magnetic transition with theCurie temperature
ranges of 268.2-310.6 K. The magnetocaloric performances of MngpAlygCo14FegoxCraos.x HE alloys were
examined by using the magnetic entropy change, relative cooling power, refrigerant capacity, temperature
average entropy change, and mechanical properties, which are superior to the reported transition metal-based
magnetocaloric materials with second order magnetic phase transition. By considering the realized consid-
erablemagnetocaloricperformances and the benefits of transition metal HE alloys, the present MngpAlygCo14.
FegoxCrae.x HE alloys are also of potential for room temperature MR application. The present work would

provide a large family of transition metal HE alloys with significant magnetocaloric performances.

1. Introduction

Discovering new classes of novel functional materials with signifi-
cant tailorable performance has significant potential for further tech-
nological improvements and breakthroughs. Among these, magnetic
materials exhibiting highly specific properties, including spin polariza-
tion, certain magnetic phase transitions, and high magnetization, have
attracted much research interest [1-10]. Responsibly addressing the
effects of contemporary life on climate change is urgent. Solid-state
magnetic refrigeration (MR) is an emerging environmentally friendly
technology with the potential to replace the commonly used vapor-cycle
cooling since it has rewritten long-established technology standards
[1-5]. MR is based on magnetocaloric effect (MCE), an inherent mag-
netic field inducing the reversible temperature changes of the materials
by the variation in magnetic field. Therefore, a crucial prerequisite for
MR application is exploring magnetic substances with excellent mag-
netocaloric performances. Such magnetic substances must satisfy a wide
range of criteria, including large values of isothermal magnetic entropy
changes (ASy) and adiabatic temperature changes (AT,q), high relative
cooling powers (RCP) and refrigerant capacity (RC), a proper magnetic
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phase transition (MPT) temperature and wide working temperature
range, good reversibility and sensitivity to an applied low magnetic field
[1-5]. In the past few decades, much effort has been made to explore MC
materials. Thus, many potentially suitable materials were identified,
such as pure Gd-based materials, Ni-Mn-based Heusler type alloys,
La-Fe-Si-based alloys, and some rare earth (RE)-based alloys or com-
pounds [1-5,11-22]. Currently, the most commonly used magneto-
caloric materials for room temperature MR applications are pure
Gd-based and La-Fe-Si-based materials. However, the high cost of the
former and the poor mechanical properties of the latter have been major
obstacles to upscaling to mass production.

Recently, a distinct and emergent material design strategy has been
introduced to develop novel materials, i.e. the high-entropy (HE) alloys
[23-27]1, which consists of multiple principle elements yielding high
configurational entropy, unlike the conventional material containing
only one principle element. The HE alloys have received increasing
research interests because they have opened a near-infinite composi-
tional space for designing materials with a remarkable combination of
structural, chemical, and physical properties. In the past few decades,
successive efforts have mainly focused on elaborating their
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microstructural and mechanical properties to explore the potential
application of HE alloys as structural materials. There are three main
types of classic simple crystal structures in HE alloys: face-centered
cubic (fcc), body-centered cubic (bec), and hexagonal close packing
(hcp). Superior mechanical properties have been achieved in some HE
alloys [25-27] by tuning their chemical compositions and phase struc-
tures. Moreover, some research exploring the functional properties of
HE alloys, and also including the MCE [28-39], have been recently
focused. A detailed comparison of the magnetocaloric performances of
the reported HE alloys can be found in the very recently published re-
view papers by Law et al. [30,32]. Notably, the transition metal HE al-
loys have been considered the most promising because a wide variety of
HE alloys have mainly relied on transition metals, which can provide
flexible, tunable magnetic and magnetocaloric properties, as well as
good corrosion at a low cost.

Inspired by impressive progress in using HE alloys for MR, we have
developed novel magnetocaloric materials. In this work, we identified a
family of MnypAlppCo14FenqxCroe. transition metal high-entropy (HE)
alloys with significant room temperature magnetocaloric performances
by varying the Fe/Cr ratio. A combination of experimental and
computational investigations was performed to elucidate their magnetic
and MC properties. The results demonstrated that single bce-phased
MngoAlpgCo14FeqnxCrag.xHE alloys could bring subnational magneto-
caloric performances with a wide MPT temperature span covering room
temperature. This finding could provide meaningful insight into the
design and exploration of magnetic HE alloys for practical room tem-
perature MR applications.

2. Experimental and calculation details

Samples with compositions of MnypAlpgCo14FesqxCroe(x =0, 1, 2,
3) were prepared by arc-melting the consistent elements with purities
greater than 99.9 wt% under an Ar-controlled atmosphere in the pres-
ence of a Ti getter. Each sample was flipped and then re-melted another
three times to achieve better homogeneity. Then, the samples were
noted as FegCrag, Fea1Cras, FeaoCrag, and FeosCros for x =0, 1, 2, and 3,
according to their Fe and Cr contents, respectively. The phase compo-
sitions of the MngoAl20Co14FezqxCras.x HE alloys were characterized by
a Rigaku SmartLab X-ray diffraction (XRD, Cu-Ka).The microstructure
and bulk chemical compositions of these alloys were characterized from
their cross-sections using the scanning electron microscope (SEM)
equipped with energy-dispersion X-ray spectroscopy (EDS) mapping on
an SM-7800F using an accelerating voltage of 20 kV. The magnetization
measurements of present HE alloys were conducted by the magnetic
property measurement system (MPMSQ3) from Quantum Design.

The ab initio calculations of the ground state electronic and magnetic
properties for the MngAlygCoj4Feq0xCrag.x HE alloys were determined
with first principle calculation with the assistance of a Vienna ab initio
Simulation Package (VASP) [40]. A plane-wave code with a
projector-augmented wave (PAW) approach and a
Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional of
spin-polarized generalized gradient approximation (GGA) [41,42] were
used to describe the interaction between ions and electrons. Moreover,
we performed an approximate calculation ofMngpAlagCo;4Fe0xCrag.x
HE alloys by constructing a supercell and scrambling the atomic posi-
tions with random arrangement, which is similar to previous in-
vestigations by Wei et al. [43] and Jung et al. [44]. Firstly, the supercell
contains 100 atomic coordinates with bcc order was constructed. Then,
100 fixed elementatoms of Mn, Al, Co, Fe and Cr with the fixed ratio of
20: 20: 14: 20 + x: 26-x are allocatedin a randomly disorder arrange-
ment, which corresponds to the ordered coordinates. Therefore, the
structural information of atoms random arrangement has been obtained.
On the basis of these structural characteristics, the magnetic parameters
including the atomic magnetic moment and the charge density were
calculated by aid of the VASP software. A plane wave basis cutoff energy
of 520 eV was set for all calculations to minimize the force of each atom
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and stress tensor. The Monkhorst-Pack method was employed to sample
the Brillouin zone. The k-points 2 x 1 x 1 and 3 x 1 x 1 were applied to
calculate the total energies and the density of states (DOS), respectively.
The energy convergence criteria within 1 meV and 0.01 eV/A for the
total energies and the total atomic forces were established.

3. Results and discussion

Fig. 1(a) presents the room temperature XRD patterns and the cor-
responding Miller indices of the MngpAlygCo14FeoxCroe.x HE alloys.
The identifying phase was then conducted. Except of small amount
impurity ¢ phase for FepsCras, as indicated in Fig. 1(a), the studied
samples show the bcc structure at room temperature. The values of
lattice parameter a, as presented in Table 1, is slightly decreased with
increasing Cr content from 2.8918 for Fey(Crog to 2.8902 for FeyoCroy,
which is due to the fact of smaller ionic radius of Cr than Fe. The
representative SEM backscattered electron image (BSE) images and EDS
mapping results of all the MnypAlyoCoq4Fesq CroeHE alloys were
characterized, all the alloys show quite similar behaviors and the images
for FeyyCro4 are presented in Fig. 1(b) as examples. The microstructure
on the entire surface of each sample was homogeneous, and no
observable secondary phases could be noted, which is comparable to the
XRD results. Moreover, the EDS elements mapping of Mn, Al, Co, Fe, and
Cr were also determined, which could provide a visual, direct observa-
tion of micro-scale compositional homogeneity. The EDS mapping re-
sults, as presented in Fig. 1(b), verified that all the elements in the four
studied samples were homogeneously distributed at the micrometer
scale. The resulted mean elemental ratios of the Mn, Al, Co, Fe, and Cr
elements are summarized in Table 1. The overall compositions of the
present MnypAlyoCoi4FesqCrog. HE alloys were close to their respec-
tive nominal compositions.

Fig. 1(c) presents the temperature (T) dependent magnetization (M)
of the MngpAlzgCo14FesxCras.x HE alloys under the applied magnetic
field (H) of 0.01 T. A typical ferromagnetic (FM) to paramagnetic (PM)
phase transition can be observed in the HE alloys. The evaluated values
of Curie temperatures (T, as listed in Table 1), based on the minimum of
the derivation from the dM/dT versus T curve rapidly increasing with
increasing Fe/Cr ratio, as highlighted in the inset of Fig. 1(c). The M(T)
results showed that the Fe contentsignificantly influenced the T¢. The
effect of composition variations on magnetic transition temperatures has
been observed in some alloys [44-46]. To clearly understand this point,
we calculated the total energy difference (AE) between the standard
magnetic state and the paramagnetic magnetic state for the MngpAlgo.
Co14Feq0xCrag.x HE alloys using VASP software and setting the ISPIN
equal to 1. The relationship between AE and T can be expressed based
on the Heisenberg model and Stoner theory [46-48]:

AE= — i 1¢E, (€D)]

where ¢ is the ratio of M/My, M is the magnetic moment at T+ 0 K, and
M is the equilibrium magnetic moment at T = 0 K, with £ considered an
approximate constant. The T¢ (left-scale) and AE (right-scale) as a
function of Fe content are shown in Fig. 1(d). Notably, there was a
common feature of Tc and AE with Fe content: i.e. T¢c and AE both
indicated an increasing trend with increasing Fe content. Thus, the Fe
substitution of Cr enhanced the energy of the MnypAly0Co14Fe2qxCrog.x
HE alloys, which resulted in an apparent increase of T¢ with increasing
Fe content.

To understand and reveal the intrinsic physics behind the alloying
elements and their effect on the magnetic state, the density of states
(DOS) of the MngpAlzgCo14FesxCras.x HE alloys were calculated, as
shown in Fig. 2. The Fe and Co atoms made a substantially stronger
contribution to the magnetic moment and exhibited higher spin-up than
spin-down distributions for each alloy, as represented in Fig. 2(i)-(1) and
Fig. 2 (m)—(p). Similarly, Mn atoms showed a higher spin-up distribution
(as shown in Fig. 2 (e)-(h)). Therefore, the magnetic moment of Mn
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Fig. 1. (a):The room temperature XRDpatternsofMn2oAl20Co14FesqxCrag.x HE alloys. (b): The SEM images and the corresponding distributions of the Mn, Al, Co, Fe,
and Cr elements ofFe,Cra4HE alloy. (c): The M(T)ofMnypAl20Co14Fes0xCrae.x HE alloysunder a magnetic field of 0.01 T, the inset shows the corresponding dM/dT
versus T curves. (d):The T¢ (left-scale) and energy difference AE (right-scale) as a function of the Fe contentof MnyAly0Co14Fez0xCrag.x HE alloys.

Table 1
The lattice parameter and mean elemental ratiosofMnpAlz0Co14Fe20 xCrae.x HE
alloys.

Sample a () Mn (at. Al (at. Co (at. Fe (at. Cr (at.
%) %) %) %) %)
FeyoCrye  2.8918  19.80 19.74 13.98 20.06 26.42
FeyCrps  2.8916 19.95 20.03 13.85 21.14 25.03
FepoCros  2.8902  20.01 19.89 14.06 22.18 23.86
FepsCrps  2.8913  19.87 19.98 14.04 22.92 23.19

atoms were parallel to that of Co and Fe atoms, which resulted an
increment of the net magnetic moments. To further understand the
origin of the high spin moment of Mn atoms, similar with those in
AlFeCoCrMn HE alloys [44], the PDOS of Mn in present MnypAlpgCo14.
Fez0,xCra6.x HE alloys were also decomposed into eg (d;2, dx2.y2) t2g and
(dxy, dy; and dy,) orbitals for calculation. Consequently, an exchange
splitting characteristic for the e; and ta4 orbitals can be found, thus, the
obtained large magnetic moment and spin polarization at the Fermi
level of Mn are likely due to its d-orbitals splitting. The PDOS of the Cr
atoms exhibited higher spin-down than spin-up distributions, which
resulted in the decreases of net magnetic moment due to the antiparallel
alignments of magnetic moment of the Cr atoms with regard to Co and
Fe atoms. Additionally, some slight differences could be noted in the
PDOS of the Fe and Cr atoms with increasing Fe content (as shown in
Fig. 2 (1)-(1)), which is likely the main reason for the magnetic moment
variation of the total system.

Furthermore, in order to provide evidence for the experimental re-
sults and to elucidate the change of saturation magnetization, the
magnetic moments of the atoms were calculated. The magnetic moment
of each atom was extracted, which corresponded to the sequence of
ordered coordinates in the constructed supercell. The resulted atomic
magnetic moments exhibited somescattered pointsbased on the number

and sequence of elements of all the consistent elementsof the
MnyAlgCo14Feng xCrag.x HE alloys, as shown in Fig. 3. The calculated
net magnetic moment increases gradually with decreasing Cr content
which are 83.55, 85.49, 87.40, and 89.61 Bohr magnetonfor the
FegoCros, Fes1Cros, FegoCro4, and FeysCrps HE alloys, respectively.
Moreover, we can note that the magnetic moment of Al atoms is close to
zero. The Mn atoms had highest average magnetic moments, with cor-
responding values of 2.012, 2.005, 1.993, and 2.003 Bohr magneton for
the FegoCras, Fea1Cras, FegoCrag, and Feys3Cras HE alloys, respectively.
These behaviors should be ascribed to the previously described signifi-
cant d-orbital exchange splitting. Like the Mn atoms, the Fe atoms
possessed high average magnetic moments and gradually increased in
relation to increasing Fe content, with values of 1.975, 1.978, 1.992, and
2.011 Bohr magneton for the Fey(Crag, Fea1Cras, FeooCras, and Fey3Crag
HE alloys, respectively. The corresponding values of the average mag-
netic moment of Co atoms were 1.281, 1.280, 1.280, and 1.285 Bohr
magneton, which were lower than those of the Mn and Fe atoms.
Notably, the magnetic moments of the Cr atoms had both positive and
negative values. The numbers of magnetic moments for the Cr atoms
that antiparallel aligned with Co, Mn, and Fe atoms was obvious more
than those of with parallel aligned, therefore a reduction of the net
magnetic moment for present MnypAlpoCo4FesgCrog. HE alloys.

To elucidate magnetic and magnetic transition behaviors, the field-
dependent isothermal magnetization M(H) of the MnyyAly(Coq4.
Fego.1xCrag.x HE alloys was recorded at fixed temperatures around their
Tc. The M(H) curves of all the MnygAlygCog4FeqoxCras.HE alloys
behaved similarly. For clarify, here the selectedM(H) curves at 3 K as
well as around its own T¢ of FeyoCragand Fey3CrasHE alloys are shown in
Fig. 4 (a) and (c), respectively.The magnetic moment at 3 Kand 5 T are
43.22, 50.60, 49.31, and 55.99Bohr magneton for the FeyyCrag,
Feg1Cras, FexoCraoyg, and FepsCrag HE alloys, respectively. These experi-
mentally results show same change trend with the theoretically calcu-
lated results but the values are obviously smaller than those of the
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Fig. 2. The total and partial density of states (PDOS) ofMngoAl20Co14Fes0.xCrag.x HE alloys.
theoretically calculated ones. The M increased with decreasing tem- thermodynamic relation:
peratures, implying that magnetic transition occurred in the studied i
compositions from a low-temperature FM to a high-temperature PM. ASM(T,H) =SM(T,H) — SM(T,0) = / (%) H dH @)
0

Interestingly, a significant proportion of variation in M occurred and
saturated at a low magnetic field (H < 0.5 T) in the FM state (T < T¢).
Such a nature is favorable for practical MR practical applications. For
the MnyoAlpoCoi4FesqxCras.x HE alloys, the M(H) curves coincided
with each other for the heating and cooling processes. Therefore, there
was no obvious hysteresis, even at low magnetic fields. The ideal
reversibility in the magnetization process was desirable for MR appli-
cations. In the following, the magnetic transition characters of the
MnyoAly9Co14Fes xCraex HE alloys were further confirmed with the
help of Arrott plots from the Banerjee criterion [49] based on the
recorded M(H) curves. The corresponding Arrott plot curves for the
FegoCrasand FeypsCras HE alloys are presented in Fig. 4 (b) and (d). The
positive or negative slopes in the M?vs. H/M plots indicated a sec-
ond/first ordered magnetic transition (SO/MT) for MC material. curves
of all the measured temperatures only showed positive slopes, proving
theSOMT nature of the MnypAlzgCo14Fezq xCras.x HE alloys.

Generally, several vital and efficient figures of merit, the magnetic
entropy change (ASy), relative cooling power (RCP), and refrigerant
capacity (RC) [50-52], could be developed from the initial assessment of
the potency of the magnetocaloric material with the M(H) curves. The
ASu(T, AH) could be reliably calculated with the Maxwell

The ASy; sign for MC material strongly relied on the slope of M versus T
at a given magnetic field. The RC was often expressed based on
numerically integrating the area of ASy (T, AH) curves and taking the
temperatures at the maximum -ASy (-ASy™) as the integration limits
(Teold andThot),

Thot
RC— / \ASM (T)| dT 3)

Tcold

Alternatively, the RCP was calculated using the following equation:
RCP= — AS)™ x 5T™™ 4)
where 6Tgwry denotes the half-maximum of -ASH™
-Thot-

Fig. 5 presents the variation of the -ASy (T) curves of MngpAlgg.
Co14FeqqxCrag.x HE alloys with applied magnetic field changes (AH) of
0-1, 0-2, and 0-5 T. The maximum -ASy (-ASH™) values of the four
studied alloys were in the vicinity of their respective Curie temperatures
of approximately 268, 280, 300, and 310 K for the FeyoCroe, Fea1Cras,
FegoCro4, and FegsCrosHE alloys, respectively. It was noted that the

and equals Teo1q
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FegoCro4 HE alloy showed a room temperature MC effect. For AH of 0-2
and 0-5 T, the -AS§;™* values were calculated, based on Eq. (2), as 0.623
and 1.156 J/kgK for the FepoCrae HE alloy, as 0.649 and 1.315 J/kgK for
the Fep;Crys HE alloy, as 0.686 and 1.361 J/kgK for the FepoCras HE
alloy, and as 0.662 and 1.306 J/kgK for the Fey3Cros HE alloy, respec-
tively. For all the MngoAlygCo14Fep xCroe.x HE alloys, the -ASy
increased with the increasing magnetic field. Asymmetrically shaped
curves were visible; in other words, the increases of high-temperature

side of the peak were larger than that of low-temperature side.
Additionally, we compared the MC parameters of the MnypAlyg.
Co14Fez0xCra6x HE alloys to those of well-known conventional MR
materials. Despite the magnetocaloric parameters are lower than many
of the reported room temperature magnetocaloric materials, such as
pure Gd [3], La(Fe, Si);13 [19], and the RE-based materials [4-6] as well
as the FeMnNiGeSi HE alloys with magneto-structural first-order phase
transition [34,35]. A detailed comparison of the magnetocaloric
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Fig. 5. The -AS\(T) curvesofFe,(Crog (@), Fes1Cras (b), FexaCrag (¢), and FepsCras (d) HE alloys, respectively.

performances of reported HE alloys can be found in the very recently
published review papers by Law et al. [30,32]. We should note that the
magnetocaloric performances in the transition metal MnyAlynCo14.
FegoxCrasx HE alloys were comparable to the reported transition

AS,™ (J/kgK)

metal-based magnetocaloric materials with SO-MPT around room tem-
perature [53-59], as summarized in Fig. 6(a). Thus, let us take

max

MnyAlygCo14FensCrag (x = 2) alloy exhibiting the -ASy** well-located
at room temperature as one example of a detailed comparison. For the
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magnetic field lower than 2 T, which can be realized with the commonly
used NdFeB permanent magnets. Although the -ASH™ in MngpAlsg.
Co14FeqsCra4 was lower than that of pure Gd [3,50], a larger §Trwum
value of 133 K was over three times that of Gd (40 K). Therefore, the
reversible -ASy, together with a wide working temperature zone, indi-
cated that the MngAlygCoi4Fesn xCragx HE alloys also possessed po-
tential for practical room temperature MR applications. Moreover, the
RC and RCP values were evaluated based on Egs. (3) and (4), and the
resulting values of RC/RCP with AH of 0-2 and 0-5 T were 51.80/73.22
and 150.02/189.48 J/kg for the Fey(Crog HE alloy, 63.79/84.56 and
152.51/197.23 J/kg for theFeyCrps HE alloy, 65.56/91.17,
155.79/206.87 J/kg for theFeysCra4 HE alloy, and 48.30/86.74 and
127.40/159.33 J/kg for the Fey3Cros HE alloy, respectively. Corre-
spondingly, the working span 8Trwum was obtained with values of
117.56/163.94, 130.37/150.02, 133.01/152.02, and 131.05/122.04 K
for FeyoCros, Fea1Cras, FeaaCrag, and FepsCras HE alloys under AH of
0-2/0-5 T, respectively.

In addition to the ASy; and RC/RCP, the temperature-averaged en-
tropy change (TEC) is another index recommended for probing mag-
netocaloric performance [60], which is evaluated with ASy (T) curves
using the following relation:

ATlift

Timid+=5"
/ ASy(T)AH, T dT 3, (5)

Tmid 20

1
TEC(ATIift) :Fliﬂ‘r’lr‘llrﬁ;(

where ATy is the temperature range and Tpig is the mean central
temperature that maximizes the TEC for a fitted value of ATy In
principle, -AS (Tiq) is roughly equal to TEC (AT — 0). Therefore, the
obtained TEC should be much more reliable regarding -ASH™ by
selecting reasonable ATj;¢ values. For the MngpAlpgCo14Fesq xCrae.x HE
alloys, we fitted the ATj;g from 5 to 50 K with an interval of 5 K. The
respective TEC were calculated with AH of 0-2 and 0-5 T, as presented
in Fig. 6(b). The TEC values gradually and slowly decreased with
increasing ATje for the MnggAlygCoi4Fenn 4 Cragx HE alloys. The
resulting TEC values with a ATj;¢ of 50 K under AH of 0-2/0-5 Twere
0.531/1.106 for the FepgCro6HE alloy, 0.588/1.234 for the Fey;CrosHE
alloy, 0.617/1.248 for the FegyCry4 HE alloy, and 0.592/1.233 for the
Fep3CrosHE alloy, respectively. These values versus their respective
-ASH™ [that is TEC (ATj;s — 0)] at the same AH of 0-2/0-5 T can reach
85.3/95.7%, 90.7/93.9%, 90.0/91.7%, and 89.5/94.4% for the
FeooCrag, Fea1Cros, FegoCras, and FeosCrasHE alloys. These higher per-
centages demonstrated that MngoAlagCoj4FeqoxCras.x HE alloys could
be properly operated as magnetic refrigerants with a wide working span
of approximately 50 K, which is more representative of magnetocaloric
performance evaluation.

Moreover, the mechanical properties of the MngpAlgCo14Feoq xCrag.
« HE alloys was also determined at room temperature, and the resulting
compressive stress-strain curves are shown in Fig. 7. We can note that
the stress and strain in the Fey(Cro¢ HE alloy were lower than in the
Feg1Cras, FegaCrag and FepsCrosHE alloys. This finding indicates that the
addition of Fe helped increase strength of the alloys. The obtained
maximum compressive strength of approximately 240 Mpa was much
higher than that of most typical giant magnetocaloric materials, such as
epoxy-bonded MngggCoGe (152 MPa) [61] and hot-pressed
LaFe;;.6Si1 4Hy/Sn (170 MPa) [62]. Meanwhile, it was comparable
with those of epoxy-bonded La;.;Fe;1.6Si1.4 (272 MPa) [63] and within
the range of pure Gd (160-300 MPa) [3]. The improved mechanical
properties, along with the amazing working around room temperature,
make the MngpAlpoCo14FesxCroe.x HE alloys suitable for practical
room temperature MR applications.

4. Conclusions

In summary, the transition metal HE alloys MnypAlpoCo14Fesq Crog.
«(x =0, 1, 2, 3) were fabricated and systematically investigated with
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Fig. 7. The compressive stress-strain curves of the MnypAlzgCo14Fe20xCrasx
HE alloys.

regards to their structural, magnetic, magnetocaloric and mechanical
properties by means of experimental determination and first principle
calculations. The MnypAlyoCo14FesgxCrag. HE alloys were crystallized
in a disordered bcc structure. The substitution of Fe by Cr continuously
raised the magnetic transition temperature to around room temperature,
i. e., 299.2 K for FeyyCra4 and 280.3 K for Fey;Cras HE alloys. The partial
DOS and magnetic moment of individual specific elements were evalu-
ated with DFT calculation. The Mn, Co, and Fe elements exhibited
ferromagnetic behavior, whereas Cr substantially reduced net magnetic
moments.The magnetocaloric performances of MnypAlygCo14.
Fego1xCras.x HE alloys were examined using the parameters of magnetic
entropy changes, relative cooling powders, refrigerant capacity, and
temperature average entropy change, which are comparable with the
reported transition metal-based magnetocaloric materials with SO-MPT.
By considering the benefits of transition metal HE alloys, such as, low
price of raw materials, easy to be fabricated, high physical/chemical
stabilities, promising mechanical properties, the present MnypAlyg.
Coi4Feq0xCraosx HE alloys are also considerable for practical room
temperature MR applications. The present work would provide a large
family of transition metal HE alloys with considerable magnetocaloric
performances.
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