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HIGHLIGHTS

e CoFeMny sAlp o5 has competitive soft magnetic properties with CoFe but lower cost.

e Alloys with Al < 0.2 had FCC and BCC phases and low magnetisation.

o Alloys with Al > 0.25, contained only BCC and had the largest magnetisation.

e Alloys with Al < 0.75 had Curie temperatures higher than 1000 K.
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magnets.

The high cost of CoFe alloys has prevented their widespread use regardless of their promising properties such as
high magnetisation, high Curie temperature, as soft magnetic materials for high temperature applications. Here,
it is shown that AIMn can be used to create a CoFeMng sAly alloy, which has reduced Co content but comparable
soft magnetic properties as CoFe alloys, therefore providing a more economical alternative to pure CoFe soft

1. Introduction

CoFe is one of the most commonly used soft magnetic materials, due
to its high saturation magnetisation (1910 kA/m (228 Am2/kg)) and low
coercive field (150 A/m) [1,2]. This means it is found in applications
such as high performance transformers, internal starters for aircraft and
magnetostrictive transducers [2]. One of its limiting factors for wider
use is the cost of the Co, which at the present is 52 $/kg, but has fluc-
tuated between 23 $/kg and 110 $/kg over the past 10 years [3,4]. This
uncertainty in the price along with being over 200 times more expensive
than Fe ore (0.11 $/kg) [3], means that cheaper inferior alloys are often
utilised, at the expense of operation efficiency. Further CoFe tends to
fracture with a low yield strength and ductility [5]. Thus previous works
on CoFe have studied adding 2% of more economical elements such as V
or Nb in, to improve the mechanical properties [5,6], while aiming to
maintain the soft magnetic properties [6]. The addition of 2% V has a
small effect on the saturation magnetisation, reducing it by less than 5%,
but often increases the coercive field by an order of magnitude, making
the alloy unfavourable for most soft magnetic applications. The me-
chanical properties can be improved, but the issue around cost still
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remains, as most CoFe alloys still contain over 45% Co. While other
researchers have studied amorphous CoFe to achieve softer magnetic
properties, with the addition of Nd, B, Zr etc [7]. The amount of Co in
these is reduced to between 20 and 40%, but B is expensive (100 $/kg),
and the processing procedures are more costly, so these amorphous al-
loys are often only used in specific applications.

New alloys are being designed to reduce the amount of Co in soft
magnetic alloys by substituting it with cheaper elements, while main-
taining the magnetic properties. This means there are a limited number
of elements that can be added, with Mn (2.20 $/kg) and Al (2.33 $/kg)
being the most popular. The majority of the research on CoFeMnAl has
been done under multi-component alloys (MCAs) research including
high entropy alloys (HEA), where the alloys contain 4 or more elements
in equimolar or close to equimolar amounts. These alloys often have
single solid solutions, due to the high entropy of mixing of the elements,
the sluggish diffusion kinetics and cocktail effect [8,9]. They are dy-
namic alloys, for which the magnetic properties can be dramatically
altered through the composition, often as a result of competing struc-
tural phases, as showcased in the tuneable Curie temperature and
saturation magnetisation in the CoFeNiAlCr system [10,11]. There has
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been a large focus on the mechanical properties of HEAs [9,12], with
research showing that the phase or phases present in the alloy strongly
influences the mechanical properties. For example, FCC alloys have high
ductility, but low yield strength, while BCC alloys have the opposite with
high yield strength, but poor ductility, such that when alloys are
designed to contain both phases, then the combination gives alloys with
high yield strength and good ductility [9]. Therefore it is likely that any
new magnetic HEA discovered is likely to have better mechanical
properties than CoFe.

The majority of the research studied in magnetic HEAs uses CoFeNi
as the base elements, with the addition of other non-magnetic elements,
such as Mn, Al Si, Ga, Cr etc [13]. Li et al., [14] studied the alloy series
CoFeNi(MnAl), and determined that as x increased, the phases went
from FCC to FCC + BCC mixed to BCC, with the magnetisation
decreasing until x = 0.5 (mixed FCC + BCC) and then increasing again as
the alloy became BCC. The saturation magnetisations were relatively
high, with values of 156 Am?/kg for x = 0 and 132 Am?/kg for x = 1,
plus the coercive field for these alloys were small (189 A/m for x = 0 and
266 A/m for x = 1). While Harharan et al., [15] studied CoFeNiMnAly
alloy series, and found that additions of Al induced magnetisation into
the alloys at room temperature, with the CoFeNiMnAl alloy having the
largest magnetisation at room temperature of 126 Am2/kg. Zuo et al.,
[16] determined the magnetic properties of CoFeNiMnAl to be a mag-
netisation of 148 Am?/kg and a coercive field of 629 A/m. Thus the
addition of MnAl shows promising magnetic results.

2. Design

Al-containing MCAs stabilise the BCC structure which coherently
exists with an ordered B2 structure (AlCo/AlNi etc.) [17] and initial
formation of the BCC/B2 structure increases magnetisation while
further Al paramagnetic addition reduces it [18]. Morley et al. [10]
reported that compositional tuning of a CoCrFeNi-Al to increase mag-
netisation through nanoprecipitation and BCC/B2 phase separation. In
their work, the separation was found to be driven by Al-Co and Al-Ni
ordering, with FeCr based particles forming. In order to further increase
magnetisation, the deleterious effect of Cr should be reduced as addition
of Cr is detrimental to the saturation magnetisation magnitude, with
even small amounts of Cr strongly affecting magnetic properties [10,
19]. Ni is one of the magnetic transition metals, but at the present time
(2022: 22 $/kg), the costs associated with it are increasing, also Ni has
an atomic moment of 0.61 uB, which is less than half Co (1.72 pB) and Fe
(2.22 pB), and therefore again adding it to the HEAs tends to decrease
the saturation magnetisation.

We hypothesised that 1) Antiferromagnetic Cr may be replaced with
Mn to reduce the antiferromagnetic component of the final alloy; 2) This
composition can be tuned to maintain the strategy of driving Al-X B2
separation from the parent matrix in order to introduce lattice strain into
the matrix, which increases magnetisation.

These elemental choices (Co,Fe,Mn, and Al) make sense since Mn
and Al are economically viable with costs of 2.20 $/kg and 2.33 $/kg
respectively. Although Mn is not ferromagnetic in elemental form, it is
known to take on a large moment when alloyed. For example, MnAl has
been the subject of research for rare-earth free permanent magnets and
the total moment of Co,MnAl heusler alloys has a strong contribution
from ferromagnetic polarisation at the Mn sites. This spontaneous
ferromagnet polarisation been shown in HEAs by Zuo et al., [16] where
the magnetic moment for each atom was determined for CoFeNiMnAl,
with the Mn having the largest moment per atom and the Ni’s moment
per atom was almost zero.

To narrow down potential compositional choices, we ran a number
of semi-empirical calculations following the methodology used in
Ref. [19] to determine the probability of binary pair formation for
CoFeMnyAly compositions where we determined that 1) Unlike Cr, Mn
competes with Co in forming binary pairs with Al (both have enthalpy of
mixing values of —19 kJ/mol); 2) The total magnetic contribution of the
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binary pairs are higher than when all the elements are in solid solution;
3) The average magnetisation increases by 25% when comparing
CoFeMn sAl to CoFeMnAl; 4) The magnetisation increase for precipi-
tation from solid solution is maximised for CoFeMng 5Al for 0.25 < x <
0.75. In this new composition we would thus expect the formation of
Al-Co and Al-Mn segregation on Al addition, and the addition of Mn
increases the availability of Co to retain FeCo pairs, which will have a
higher magnetisation than the FeCr phase found in Ref. [10].

Guided by the above design choices, the experimental work in this
study therefore focuses on the base alloy CoFeMng 5 with the addition of
Al, to determine how the cheaper non-magnetic elements can be used to
change the magnetic properties, while reducing the percentage of Co,
thus decreasing the cost of the alloy.

3. Materials and methods

To fabricate the alloys, pellets and foils of the four elements with
99.99% purity were weighed out for the required compositions (see
Table 1). The elements were then arc-melted at least three times in an
Edmund Buhler compact arc-melter, to ensure homogeneity. The final
sample of each composition was a button ingot. No further heat treat-
ments were carried out, as the work focused on the as-synthesised alloys.

A range of techniques were used to characterise the alloys. This
included x-ray diffraction using Bruker D1 and Panalytical X’pert dif-
fractometers, in both cases using Cu k, radiation. Scanning electron
microscopy (SEM) to study the grains and microstructure, with energy
dispersive x-ray (EDX) to determine the composition. The magnetic
properties were measured using a MPMS-3 SQUID magnetometer, as a
function of magnetic field up to 3 T and temperature up to 950 K. From
the magnetisation hysteresis loops the saturation magnetisation (Mj),
coercive field (H,) and remanent magnetisation (M,) were determined at
room temperature. The magnetisation as a function of temperature data,
were taken at 40 kA/m and 2390 kA/m up to 950 K. The Curie tem-
perature is normally determined from this magnetisation vs temperature
data, but for these alloys the Curie temperature was above 950 K, thus
Bloch law was used to estimate it [20].

4. Results

After synthesis, the composition of each of the alloys was determined
from the EDX data (Table 1). It is observed that for all the alloys, the Al
concentrations are lower than the nominal concentrations, but do in-
crease with the expected differences. Also at the lower Al concentrations
the Mn percentage is lower than the nominal, but is about right for the
higher Al concentrations. This is likely to have arisen during the arc-
melting with the Mn evaporating away during the process. Further the
Co and Fe concentrations are always higher than the nominal values,
with Fe always higher than the Co. Table 1 also gives the sample ab-
breviations used in the rest of the paper.

From the SEM backscattered images (Fig. 1), it is observed for the Al0
alloy, that Co is evenly distributed, while there are regions that are Mn
rich and regions that are Fe rich, which is also observed for the Al0.16
alloy as well. For x > 0.25, all the elements are more homogeneously
distributed in the alloys. Elemental distribution appears to be present for
the Al composition, and image analysis techniques were used [10] to
determine the elemental pairing within the system by comparing the
relative intensities for each EDS image in 2D coordinate space between
each element. The analysis showed 1) No strong Al-Co pairing, which
agrees with the pair analysis done during the design process — this is
because Co is in excess and is not used up by the Al addition and it may
thus be inferred that Co distributed throughout the sample; 2) Fe-Mn
and Co-Mn pairing reduces from Al0.13 onwards, which again agrees
with the design hypothesis as Fe-Mn and Co-Mn enthalpy of mixing
values are far lower than Al-Mn (cf Fig. 2c) while the inverse is true for
Al-Mn. These results are in good agreement with the hypothesis of this
work.
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Table 1
Composition of the CoFeMn0.5Al, samples.
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Alloy (Abbreviation) Nominal Composition Actual Weight Percentage (%) Normalised Molar percentage
Co Fe Mn Al Co Fe Mn Al

CoFeMny 5 (Al0) 40 40 20 0 43.3 41.3 15.4 0 Cop.99FeMng 35
CoFeMnyg s5Alg 15 (A10.13) 37.7 37.7 18.9 5.7 40.7 41.6 15 2.7 Cog.93FeMng 37Al0.13
CoFeMnyg s5Alg 2 (Al0.16) 37 37 18.5 7.5 39.9 41.1 15.8 3.2 Cog.92FeMng 30Alp.16
CoFeMny sAlg 25 (A10.25) 36.4 36.4 18.2 9 40.2 38.7 16.4 4.7 Cog.0sFeMnyg 43Alo 25
CoFeMng sAly 5 (A10.47) 30.8 30.8 15.4 23 38 37.2 16.4 8.4 C0p.97FeMng 45Al0 47
CoFeMnyg sAlg 75 (Al0.71) 33.3 33.3 16.7 16.7 36.6 35.2 16.2 12 Cog.g9oFeMnyg 47Alg 71

Sample BSE Image | Co Fe Mn Al

AlO

(CoFeMng s}

Al0.13

{CoFeMng Al 45)

Al0.16

{CoFeMng Al ;)

Al0.25

{CoFeMng Al ;)

Al0.47

(CoFeMng Al <)

Al0.71

{CoFeMng sAlg 7s)

10 prm

Fig. 1. SEM backscattered and EDX images of Al0 (CoFeMngs), Al0.13 (CoFeMng sAlg 15), Al0.16 (CoFeMng sAlg2), Al0.25 (CoFeMng sAlp 25), Al0.47 (CoFeM-

ng.sAlp 5) and Al0.71 (CoFeMng sAlg 75).

The phases present in the alloy were determined from the XRD
(Fig. 2a). It is observed that for x < 0.2, there exists a dominant BCC
phase and a smaller FCC phase. Previous work on CoFeNiMnAl alloys,
have also observed these mixed phases [15]. For x > 0.2 only a BCC
phase is observed, thus the addition of Al stabilises the BCC phase within
the alloy. For the Al0.71 sample, two BCC phases are measured, which
could be a BCC/B2 mix, due to phase segregation driven by the Al, as
predicted in the research design. From the XRD data, the lattice con-
stants (Fig. 2b) and the crystalline sizes using Scherer equation (Table 2)
were determined. The BCC lattice constants in general increased with Al
addition. For all the alloys, the crystallite size was ~30 nm, suggesting
that the Al has stabilised the BCC phase, but hasn’t driven the formation
of nanoparticles, which has been observed in other HEA alloy systems
[10,19]. The VEC (valence electron concentration) was determined for
each of the alloys (Table 2). This is a parameter used within HEAs to
determine the likely phases present in the alloy [21]. In general, a VEC

>8 leads to FCC phases, while a VEC <6.87 gives BCC phases. The VECs
determined for the CoFeMng sAly range from 8.2 for the AlO alloy, which
had a mixed FCC and BCC phase to 7 for the Al0.71 alloy, which had two
BCC phases. These are slightly different from the predictions, but this
does explain why a FCC phase is observed within the lower Al concen-
tration alloys.

Using pair analysis [19], which uses the binary enthalpy of mixing
for atomic pairs as extracted from Miedema’s model [22,23] (Fig. 2¢) to
predict the probability of element pair formation, i.e. the likelihood of
the element pairs Al-Mn and Al-Co forming in the alloy. It was found
that with no Al in the alloy then the Co-Mn is likely to form pairs, as
these have the more negative enthalpy of mixing. This is observed in the
back-scattered electron images (Fig. 1), where for the AlO sample, Co is
homogeneously distributed, while regions of Fe and Mn exist, such that
they are the “negatives” of each other. With the addition of Al, the Al is
likely to pair with the Co and the Mn, as both these pairings similarly
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Fig. 2. a. XRD patterns for the CoFeMng sAl, samples, where the patterns are
normalised to the highest peak, and then each pattern is offset along the y-axis.
2b. Lattice constant as a function of Al concentration, and 2c Enthalpy of
mixing diagram for CoFeMnAl.

Table 2
Structural Parameters of the CoFeMn, sAl, samples.

Alloy (sample) VEC (e/  Lattice Constant Phase  Crystallite size
a) (nm) (nm)
AlO (CoFeMny s5) 8.2 0.2877 BCC 28+1
0.3584 FCC 21+5

Al0.13 8 0.2874 BCC 28+1
(CoFeMny s5Alg 15) 0.3583 FCC 31+3

Al0.16 7.9 0.2882 BCC 25+1
(CoFeMny s5Alj ) 0.3599 FCC 13+ 2

Al0.25 7.7 0.2884 BCC 34+1
(CoFeMng sAlo 25)

Al0.47 7.4 0.2885 BCC 31+1
(CoFeMng sAlg 5)

Al0.71 7 0.2881 BCC 29+1
(CoFeMny s5Alg 75) 0.2874 BCC

Materials Chemistry and Physics 299 (2023) 127518

negative values of enthalpy of mixing, while reducing the likelihood of
Fe-Mn/Fe-Co pairs. It is worth mentioning again that the alloying
strategy here involves 1) Maintaining a source of Co for Co-Fe pairing to
occur with the addition of Mn, 2) Introducing Al to form Al-Co and
Al-Mn pairs that stabilise the B2 phase which co-exists with the BCC
phase. The increased incoherency of the B2/BCC interface introduces
lattice strain which can modify magnetisation.

Relating the EDS analysis performed earlier to the phases observed in
the alloys, Fe and CoMn tend to both be BCC, while CoFe, where the
concentration of Fe is less than 20% gives an FCC phase. As expected, the
addition of Al may therefore act to remove the Co from the CoFe phase to
form a BCC CoAl phase, and thus leaving a BCC CoFe phase, which could
be the two BCC phases observed in the highest Al containing alloys
(Al10.71).

The magnetic hysteresis loops were measured as a function of
applied magnetic field at 300 K. From Fig. 3a, it is observed that the
saturation magnetisation depends on both the alloy composition and the
phases present in the alloy. For the alloys with x < 0.2, the saturation
magnetisation decreased as the Al concentration increased, with all
these alloys containing a BCC and FCC phase (Fig. 2a). For the Al0.25
alloy, the saturation magnetisation increased, compared to the parent
alloy AlO, although there are more non-magnetic elements within the
alloy. This could be due to the alloy only containing BCC phases sug-
gesting the removal of the FCC phase from within the alloy coincides
with an increase in the saturation magnetisation. This effect was also
observed by Li et al. [14] in the CoFeNi(MnAl)y series. However, it could
arise from ferromagnetic polarisation of the Mn atoms, as proposed by
Zho et al. who used ab-initio calculations to support their conclusion for
the CoFeNiMnAl system [16]. Validation of these hypotheses would
require element specific scattering techniques available only at central
x-ray/neutron facilities. Crucially, it is clear that MnAl formation can be
used in this way to reduce the Co content in these alloys without
sacrificing saturation magnetisation. Furthermore, the coercive field is
smaller for the Al0.25 sample, providing additional benefit for soft
magnetic material applications. In addition, removing the Ni from the
base magnetic alloy has increased the saturation magnetisation at room
temperature, without changing the coercive field, with both the Al0.25
and Al0.47 (x = 0.25 and 0.5) samples having higher magnetisations
than those of CoFeNiMnAl (~130 Amz/kg) [14,15].

A second set of magnetisation hysteresis loops were measured
(Fig. 3b), after the magnetisation vs. temperature measurements were
carried out (Fig. 3c and d). As no heat treatment was carried out after the
samples were synthesised, it is possible that the as-synthesised samples
were not in an equilibrium microstructural state. Thus the temperature
measurement to determine the Curie temperature could change the
phases and/or proportion of the phases present in the samples. Due to
the small size of the heated SQUID samples, it was not possible to collect
structure data using the XRD, but the magnetic properties could be
remeasured. It is observed in Fig. 3b, for the x < 0.2 samples that the
saturation magnetisation decreases and the coercive field increases after
heating. These samples have both a BCC and FCC phase, so this is
probably due to the growth of the “lower-/non-magnetic” phase in
relation to the higher magnetic phase. For the x > 0.5 samples, the
heating procedure did not affect the saturation magnetisation nor the
coercive field, as both were the same after heating, meaning they were
already in an equilibrium state. For the Al0.25 alloy, the saturation
magnetisation and coercive field both decreased. This suggests that the
BCC phase could be unstable, which is possible as the VEC = 7.7, which
is much higher than the VEC = 6.87 expected for the BCC phase, and
closer to the VEC >8 for the FCC phase. Further heat treatment work
would have to be carried out to confirm this.

Another important parameter for CoFe based alloys is the Curie
temperature, as they are often used in high temperature applications.
The Curie temperature was determined from the magnetisation vs tem-
perature data (Fig. 3c and d). The measurement was taken up to 950 K,
as this was the highest temperature available on the SQUID system. As
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Fig. 3. a. Magnetisation as a function of magnetic field for the CoFeMn, sAl, samples before heating to 950 K. b. Magnetisation as a function of magnetic field for the
CoFeMny sAl, samples after heating to 950 K. c. Magnetisation as a function of temperature for an applied field of 40 kA/m for the CoFeMng sAly samples. d.
Magnetisation as a function of temperature for an applied field of 2390 kA/the CoFeMng sAl, samples.

only the Al0.71 sample showed a transition from ferromagnetic to
paramagnetic within this temperature range, Bloch law was used to
estimate the Curie temperature for the other samples. CoFe has a Curie
temperature of 1253 K, so anything over 1000 K, allows the materials to
be used in high temperature applications. From Table 3, it is observed
that the Curie temperature of 4 out of the 5 new alloys studied were
higher than 1000 K, so maintaining the high transition temperature, and
allowing them to be used in high temperature applications. There is a
reduction in the Curie temperature compared to CoFe for all of the
samples, but this is likely due to the addition of the non-magnetic ele-
ments. Also as expected the alloy with the highest concentration of Al,
has the lowest Curie temperature.

The saturation magnetisation of the system can be correlated to the

Table 3
Magnetic Parameters of the CoFeMng sAl, samples.

Alloy (sample) Saturation Coercive Field Curie Temperature”
Magnetisation (A/m) X
(Am?/kg)
Before  After  Before  After
AlO (CoFeMny 5) 170 156 636 4377 1044
Al0.13 159 138 796 1472 1074
(CoFeMng sAlp 15)
Al0.16 134 119 716 1830 1055
(CoFeMng sAlo.2)
Al0.25 191 155 159 40 1097
(CoFeMng 5Alp 25)
Al0.47 181 181 2387 2387 1055
(CoFeMny sAlo 5)
Al0.71 117 117 2706 2706 787 (826")
(CoFeMng sAlg.75)

@ Estimated from Bloch law.
b Determined from data.

Wigner-Seitz radii (i.e. the average volume occupied per atom in the
lattice structure) of the alloy, which can be calculated from the experi-
mentally determined lattice parameters. Fig. 4a shows that the experi-
mental magnetisation is located near the parabolic maximum of the
achievable Wigner-Seitz radius with respect to Al addition. The para-
bolic maximum of a Wigner-Seitz radius for a particular lattice param-
eter is normally linked to lattice stress accommodated in a system prior
to strain release through some mechanism such as precipitation; it has
been reported that this excess energy can act as a driving force to in-
crease magnetisation in the system [10]. From the calculations, the CoFe
remaining in the solid solution (ie. Non Al-containing binaries) can be
determined and its magnetisation estimated using the well-known Sla-
ter-Pauling relationship. This is plotted in Fig. 4b which shows that the
predicted magnetisations are modified from the experimentally deter-
mine magnetisations for the compositions which lie near the
Wigner-Seitz maxima location. Furthermore, from the experimental re-
sults, the compositions with the FCC structure are AlO, Al0.13, and
Al0.16 and therefore the Al0.13-0.25 region may be regarded as the
compositions where the FCC structure transitions to the BCC structure,
hence act as the region of increased stress. This agrees well with the
predictive model that was used to design this alloy system.

Fig. 5 compares the soft magnetic properties of the new CoFeMnAl
alloys with the existing soft magnetic alloys. Saturation induction is
plotted rather than magnetisation, as this is the value that is often
quoted for commercial products. It is observed that CoFe has the largest
induction (2.4 T) and one of the smallest coercive field (150 A/m). The
addition of 2% of a non-magnetic alloy decreases the induction by 3%,
but increases the coercive field up to 22 times larger. While amorphous
alloys, such as FeCoZrBCu [7] and FeCoNbB [24] have the smallest
coercive fields (7 times smaller), but also a reduction in the induction of
31%. For the HEAs (CoFe(Ni)MnAl), the inclusion of Ni reduces the
induction, but helps to maintain a small (<1000 A/m) coercive field.
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for the CoFe alloying elements. The dashed line is a linear fit to the low strain data.
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Fig. 5. Saturation induction as a function of coercive field for the CoFeMn sAlx
alloys and other soft magnetic alloys. The square shapes are the FeCo based
alloys, the circle shapes are the HEAs and the triangular shapes are amorphous
alloys. Each ellipsis encloses the majority of the data points for each data set,
and are there as a guide for the eye. The data for the alloys are taken from the
following publications: FeCoZrBCu - [7]; FeCoNDbB - [24]; Metglas - [25]; CoFe,
CoFe-2X - [2]; CoFeMnAl - this work; CoFeNiMnAl - [14-16].

While the removal of Ni increases the induction, but also increases the
coercive field. The HEAs with the highest induction, also had the
smallest coercive field. The induction was 23%-31% lower than CoFe,
but higher than the amorphous alloys plus the coercive field was the
same as CoFe. Thus the magnetic properties of the CoFeMn sAly alloys
are competitive with existing CoFe based alloys. Using the prices quoted
in the introduction the cost of CoFe raw materials is 26 $/kg, with the
new alloy that drops by ~30% to 18 $/kg.

5. Conclusions

The addition of inexpensive MnAl to CoFe not only maintains the soft
magnetic properties of the magnetic alloy, but also reduces its cost. The
addition of Al to the base alloy CoFeMny s, helped to stabilise the BCC
phase within the alloy, which increased the saturation magnetisation,
while decreasing the coercive field. This led to two alloys, Al0.25 and
Al0.47, having competitive magnetic properties at 300 K, along with
Curie temperatures higher than 1000 K, making them a possible
candidate for high temperature applications, such as power transformers
and inductors.
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