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ABSTRACT

In the present work, the structure and magnetic and magnetocaloric properties of the
TbeFe17—Al, compounds with z = 0,0.25,0.5,0.75, and 1 were studied. These compounds were
synthesized by arc furnace without subsequent annealing. Their crystal structure is a ThaNii7 hexag-
onal structure with a P63/mmec space group. The Rietveld refinement of the X-ray diffractograms
allowed for determining the structural parameter variations with different amounts of aluminum.
Lattice parameters and the unit cell volume increase with aluminum amounts while the ¢/a ratio
remains nearly constant. The TboFei7_,Al, compounds exhibit a second-order magnetic phase
transition from a ferromagnetic state to a paramagnetic state. The Curie temperature (T¢) in-
creases with the aluminum content, the observed effect is due to the magnetovolumic effect. The
saturation magnetization (Mg) decreases with the increase of Al content. Magnetic entropy and rel-
ative cooling power (RCP) decrease as the aluminum content increases. ThoFei7_,Al, compounds
have a moderate magnetocaloric effect and a tunable operating temperature interval.

PACS numbers: 75.50.Bb, 75.50.Tt, 76.80.+y

Keywords: Rare-earth intermetallics; Magnetic properties; Diffraction; Magnetic refrigeration.

I. INTRODUCTION

Intermetallic compounds have been a subject of con-
siderable interest in the field of materials science and
engineering, due to their distinct crystal structure and
exceptional physical and mechanical properties. NizAl,
NizFe, and Nb3Sn are intermetallic compounds that find
wide usage in high-temperature industrial settings due
to their unique physical properties, which are more fas-
cinating than those of ceramics and superalloys. For in-
stance, intermetallics exhibit a lower brittleness than ce-
ramics due to their metallic bonding, and they possess
a higher strength than superalloys because of the strong
bonds between atoms. These properties have been estab-
lished in previous studies [1, 2]. The exceptional mag-
netic properties of intermetallics based on rare earth-
transition metal (R-T), such as high-performance per-
manent magnets, high-density magnetic recording, and
magnetic refrigeration, make them highly valued materi-
als [3-7]. As a result, there has been extensive research
into R-Fe intermetallics, with the aim of developing novel
magnetic devices [4, 8-17]. Several R-Fe intermetallic
compounds, including RFes, RFes, R6Fes3, and RoFe;r
(where R can be Tb or Dy), have been confirmed to ex-
ist through phase diagram studies [18-21]. Among all
binary combinations of type R-T, RoT7 intermetallics
show promising potential in magnetic materials and mag-
netic refrigeration applications. RoFe;7 compounds ex-

hibit one of the highest saturation magnetization after
RM; 4 alloys [22]. However, these compounds possess pla-
nar anisotropy and low Curie temperature [23-26], which
limit their industrial performance. The magnetocrys-
talline anisotropy of RoFe17 compounds results from the
combination of the anisotropies of the rare earth and iron
elements, with the latter usually dominating at high tem-
peratures (T' < T¢), while the former prevails at low tem-
peratures. The low Curie temperature arises from the in-
teratomic distances between Fe atoms, which fall below
the critical value of 2.45 A, required for ferromagnetic ex-
change interactions. To address these challenges, partial
substitutions of iron with an element that increases the
Curie temperature by the magnetovolume effect can be
made. It has been demonstrated that RsoFe;7 compounds
can tolerate moderate amounts of nitrogen or carbon
without altering their structure, although their planar
anisotropy changes to uniaxial anisotropy [27]. Further-
more, partial substitution of iron by Al [9], Mn [28], Cr
[29], or Si [30], or replacement of the rare earth element
by another, promotes the application of these compounds
in various technological domains.

The compound ThoFei7 consists of two crystal struc-
tures, namely the rhombohedral ThoFe;; with a R3m
space group and the hexagonal ThoFey; with a P63/mmc
space group, both based on the CaCus-type structure
[18, 19, 21, 31]. Studies have revealed that the hexagonal
structure dominates when the Tbh/Fe molar ratio is 2/17



(10.5 or 9.5 at % Tb), whereas the rhombohedral struc-
ture becomes more prevalent at higher Tbh content of 11.5
at % [32]. Due to its iron-rich composition, the ThoFe;7
system provides a suitable platform for investigating both
3d and 4f magnetism, as well as their interplay.

The potential for producing cold makes magnetic re-
frigeration a highly attractive technology. This cooling
method is based on the magnetocaloric effect, which is
exhibited in most magnetic compounds, including inter-
metallic compounds such as RoFej7. The magnetocaloric
effect is an intrinsic property of paramagnetic and ferro-
magnetic materials, causing them to experience a tem-
perature increase when subjected to a fluctuation in mag-
netic field in adiabatic conditions, and a cooling effect
upon demagnetization. This phenomenon arises from the
coupling between the magnetic moments of localized or
itinerant electrons in a compound with a magnetic field,
which alters the magnetic part of the total entropy (AS).
Note that the total entropy (AS) at constant pressure
has three contributions: magnetic, electronic, and lattice.
The change in magnetic entropy under adiabatic condi-
tions can be determined from the experimental data on
isothermal magnetization using the Maxwell relation, as
described in [33].

In this investigation, we effectively fabricated the
hexagonal phase of the ThoFei7_,Al, materials with x
varying from 0 to 1, using arc melting without subse-
quent annealing. Our primary objective was to assess
how substituting aluminum for iron influenced the crys-
tal structure and magnetic properties, including the mag-
netocaloric effect, in the TbhoFei7_,Al, system. To iden-
tify the phases present in the samples, we performed a
comprehensive X-ray diffraction analysis and conducted
Rietveld refinement. The magnetic measurements were
focused on highlighting the order of the magnetic transi-
tion phase and magnetocaloric effect.

II. EXPERIMENTAL METHODS

ThoFe;7 starting composition ingots were synthesized
from high-purity Fe (99.99 %) and Tb (99.98 %) elements
using the conventional arc-melting technique. To ensure
homogeneity, the samples underwent a series of three
meltings at increasing generator intensity levels (60 A,
70 A, 80 A). The resulting ingots were then fragmented
in an inert argon atmosphere within a glove box. To
produce a single-phase material, multiple samples of the
TbsoFe;7 binary compound were synthesized through arc-
melting with varying Tb content. A single phase with
10.5 at % Tb was obtained without the requirement of
additional heat treatment, simply through the melting
process. Thereafter, iron was partially substituted by
high-purity aluminum (Al 99.99 %), and the polycrys-
talline TboFey7_,Al, samples (x = 0.25,0.5,0.75 and 1)
were prepared by arc melting under a high purity argon
following the same steps as for the preparation of the
material with the starting composition ThoFeq7.

X-ray diffraction was performed using a Brucker
diffractometer with a Cu radiation source and an internal
Si standard, ensuring a unit cell accuracy of £1-1073 A.
The XRD patterns were obtained at room temperature
with a step size of 0.02° and a counting time of 192 sec-
onds per step over a scanning range of 20 = 20 — 90°.
The data analysis was conducted through the Rietveld
method as implemented in the FullProf computer code,
which accounted for the Thompson-Cox-Hastings peak
line profile and allowed for the refinement of multiple
phases coexisting in the sample [34, 35].

The magnetic measurements were conducted us-
ing a DSM-8 MANICS differential sample magneto-
susceptometer, which operates on a similar principle as
a Faraday balance. the measured samples were sealed
under a secondary vacuum to avoid oxidation by heating
during the measurement.

III. RESULTS AND DISCUSSION
A. Structure analysis

The ThoFei7 compound is a bulk material that has
a hexagonal ThoNij7-type structure with a P63/mmc
space group. This structure consists of Fe atoms occu-
pying four crystallographic sites (12k,127,6g,4f in the
Wyckoff site position) and Th atoms occupying two crys-
tallographic sites (2c and 2b). The hexagonal structure
is derived from the CaCus-type structure through the
substitution of a pair of Fe-Fe dumbbells for every third
Tb atom. This information is reported by [24] Fig. 1
shows the X-ray diffraction patterns of ThoFei7_,Al,
polycrystalline samples with different aluminum contents
(z =0,0.25,0.5,0.75, and 1) were obtained by arc melt-
ing. All samples showed a pure phase with a hexago-
nal structure having a space group of P63/mme. To
investigate the effect of aluminum content on the struc-
tural parameters of the ThboFei7_,Al, compounds, we
conducted Rietveld refinement of the X-ray diffraction
diagrams, assuming that the aluminum atoms occupy the
4f site. According to the calculation of the Wigner-Seitz
cell volumes, the 4 f site has the largest volume among the
crystallographic sites. To confirm that aluminum prefer-
entially occupies the 4 f site, we performed X-ray diffrac-
tion refinement by placing the aluminum atoms at differ-
ent crystallographic sites (12k, 124, 6¢,4f), and evaluated
the goodness-of-fit indicator Rp using the equation:

311k (0) — Ik (C))|
K
ftp = 10075~ 7 70)

The computed Bragg intensity is denoted as I (C') while
the measured Bragg intensity is represented by I (O). In
Fig. 2, it can be observed that the indicator Rp varies
for the different crystallographic aluminum sites, with




the lowest value obtained for the 4f site. Hence, based
on these results, it can be concluded that site 4f is the
preferred site for aluminum. A similar observation was
made for EroFei7_,Al, intermetallic compounds where
aluminum atoms were found to preferably occupy the 4 f
sites [36].
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Figure 1. XRD diagrams of TboFei7r_5Al, (xz =

0,0.25,0.5,0.75,1).
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Figure 2. The ”"goodness-of-fit” indicator Rp variation for

different crystallographic aluminum sites.

In the Fig. 3, we can see the Rietveld refinements of the
X-ray diffraction (XRD) diagrams for the ThoFey7_,Al,
compounds produced by arc melting. The positions of
the Bragg reflections are denoted by green vertical bars,
while the blue solid line shows the differences between
the observed and calculated intensities. The calculated
refinement results can be found in Table I. The samples
produced are pure in phase, except for the two samples
with £ = 0.75 and x = 1, where an extra peak appears
around 26 = 38°. This peak could be attributed to either
an excess of aluminum, in which case it corresponds to
the plane (111) of the cubic centered faces phase of alu-
minum, or to the onset of the rhombohedral phase of the
structure ThyZn;7, in which case it corresponds to the
plane (024). Previous studies by Mishra et al. [37] have
shown that for x < 1, ThoFeq7_,Al, compounds crystal-
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Figure 3. Observed (dots) and calculated (solid line) XRD
patterns for the ThoFei7_5Al, (x = 0.25,0.5,0.75,1) com-
pounds. The Bragg positions are represented by the vertical
bars. The experimental-simulated difference is shown at the
bottom of the figure.

Table I. @ and c unit cell parameters, Rp, x> factors, and
atomic positions from Rietveld refinement of TbhaFei7_,Al,
(x =0.25,0.5,0.75,1).

r=1

z=0 r=025 x=05 x=0.75
a(A) 8.4583(4) 8. 4761(1) 8.4947(2) 8.5131 (4) 8.5313(5)
c(;l) 8.3005(4) 8.3197(3) 8.3390(4) 8.3585(7) 8.3775(8)

c/a  0.983 0.98 0.98 0.98 0.98
V(A%  514.2 516 519 521 523
x 12k 0.1667(1) 0.1681(1) 0.1683(1) 0.1685(1) 0.1687(1)
x 125 0.3520(3) 0.3420(2) 0.3421(1) 0.3422(2) 0.3420(3)
y 125 0.3218(2) 0.3218(2) 0.3218(2) 0.3218(2) 0.3218(1)
z 4f 0.6268(2) 0.6290(2) 0.6307 (3) 0.6341(1) 0.6418(2)
X2 4.4 3.4 3.6 2.7 3.1
Rp 6. 87 4.2 5.1 4.8 7.2

lize in the hexagonal phase ThoNij7, and for z > 1, they
crystallize in the rhombohedral phase ThoZny7.

The changes in the cell parameters a and ¢, as well as
the unit cell volumes of TbhoFei7_,Al, compounds with
varying x values (ranging from 0 to 1), are depicted in
the Fig. 4. As the aluminum content increases, there
is a continuous rise in cell parameters and volume. For
instance, the unit cell volume increases from 514.2 A3
to 523 A3 as x goes from 0 to 1. This increase in cell
volume can be attributed to the substitution of iron by
aluminum, since the atomic radius of aluminum (= 1.43
A) is marginally higher than that of iron (= 1.26 A).
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B. Intrinsic magnetic properties

We conducted a systematic measurement of the
thermo-magnetic curves for various ThoFeq7_,Al, com-
pounds with x ranging from 0 to 1 to determine their
Curie temperature. The Curie temperature values were
determined by estimating the minimum of the tem-
perature derivative of the magnetization, dM/dT, ver-
sus temperature. Two thermo-magnetic curves of the
ternary compounds ThoFej7 ,Al, were presented in
Fig. 5, one with £=0.25 (corresponding to the compound
ThoFei6.75Alp.25) and the other with the maximum value
x=1 (corresponding to the compound TbsFeigAl). Both
curves show a single magnetic transition from the ferro-
magnetic to the paramagnetic state, and the Curie tem-
perature increases as the aluminum content increases.
For instance, the Curie temperature increases from 412 K
for z = 0 to 448K for x = 1.

Typically, the Curie temperature is controlled by the
exchange interactions in intermetallic compounds con-
sisting of a transition metal and a rare earth atom. Such
interactions can be classified into three types:

e The exchange energy between the transition metal
atoms (3d — 3d).

e The exchange energy between the rare earth atoms

(4f —4f).

e The exchange energy between the transition metal
atom and rare earth one (4f — 3d).

In the case of a non-magnetic rare earth element in an
R-M system, the 4f — 4f and 3d — 4f exchanges can be
disregarded, leaving only the 3d—3d exchange interaction
that contributes to the Curie temperature. Conversely,
in the presence of a magnetic rare earth atom, both ex-
change energy terms must be considered. It is worth not-
ing that the 4f —4f exchange is the weakest of the three
configurations and can be considered negligible. Within

intermetallics, there exist two types of exchange inter-
actions, namely positive and negative, which depend on
the distance between transition metal atom pairs. If this
distance is greater than a critical value, the exchange in-
teractions are positive, while if it is less than the critical
distance, the interactions are negative [38, 39].

The critical temperature (T¢) of RoFei7 intermetal-
lic materials can be influenced by various parameters.
Specifically, T is determined by magnetic exchange en-
ergies aFe — Fe and ag_pe, where the strength of ag_pe
relies on the rare-earth de Gennes factor. The rise in T
is influenced by several crucial factors. One of them is the
electronic effect. Bessais et al. [40] demonstrated that as
the Co content increases in SmyFei7_,Co,, the hyper-
fine field increases due to the asymmetric filling of the 3d
band by the additional electron of the Co atom, resulting
in the rise of core electron polarization. Another crucial
factor that contributes to the increase in T is the magne-
tovolumic effect. The critical distance in RoFej7, where
the exchange interaction becomes negative, is approxi-
mately 2.45 A[41]. According to the Néel Slater curve, a
slight increase in the Fe-Fe distances, such as the 6¢— 6¢,
9d — 18f, 18f — 18f, 18h — 18h, and 18f — 18h pairs
that are around the critical distance, leads to a substan-
tial increase in JFe — Fe exchange interactions, which
ultimately leads to an increase in the Curie point value.

Fig. 6 displays how the Curie temperature of
TboFei7_,Al, compounds changes as the aluminum con-
tent increases. A marked increase in T¢ can be seen
with the addition of aluminum. The cause of this rise
in T¢ is attributed to the positive reinforcement of ex-
change interactions. The increase in Fe-Fe distances due
to the unit cell volume expansion during iron substitu-
tion causes the strengthening of the exchange interactions
3d — 3d during aluminum substitution which contributes
to this effect. Therefore, the increase of T with Al con-
tent may be due to the size effect caused by Al substi-
tution, since the substitution of Al for Fe at the 4f site
may reduce the negative exchange interaction. Mishra et
al. [37] and Guetari et al. [9] obtained similar results.

fig. 7 displays the magnetization isotherm curves as a
function of the magnetic field measured under the ap-
plied magnetic field and temperatures varying around
the Curie temperature of each compound. The obtained
curves indicate that the magnetization decreases upon
the substitution of iron with aluminum, as aluminum
is paramagnetic with a relative permeability close to 1.
Moreover, the magnetization is influenced by the envi-
ronment and the distance between the iron atoms and
their first neighboring atoms. Thus, if other iron atoms
surround the iron, there is an increase in magnetization,
otherwise, if the iron is surrounded by a rare earth or an-
other atom like aluminum, there is a reduction in magne-
tization. Above the Curie temperature, the compounds
studied are paramagnetic, so the magnetization increases
slowly with the applied magnetic field. However, below
Tc, the magnetization isotherm curves of the compounds
studied show a ferromagnetic behavior characterized by
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a significant increase in magnetization with the applied
magnetic field. Also, it is worth noticing that the mag-
netization increases with decreasing temperature for a
given applied field.

In order to determine the values of the saturation mag-
netizations for the different compounds the saturation
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Figure 7.  Isotherm magnetization curves, M(H), for

TboFe17_,Al, compounds measured at different tempera-
tures around the Curie temperature for magnetic fields be-
tween 0 and 1.57T. the symbols represent the experimental
magnetization and the solid red lines represent the fit curve
according to the Landau model
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approach law was used [42-44]. The values of Mg are
presented in Tab. II, which groups together the magnetic
results of the different compounds.The saturation magne-
tization Mg decreases when aluminum content increases.
The decrease of Mg is mainly related to the magnetic
dilution, through the substitution of the iron (Fe) atom,
which possesses a high magnetic moment, with a quasi-
non-magnetic atom (Al). Comparable results were de-
picted for ProFei7_,Al, [9} and NdsFey7_,.Ga, [45}
Assessing the magnetocaloric materials requires an
evaluation of the magnetic phase transition’s order,
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which indicates the reversibility of the magnetocaloric ef-
fect. Two approaches were employed in this research to
determine the phase transition order: one method based
on Arrott’s plots and another based on Landau’s phe-
nomenological theory. The Landau model was utilized
in this section to determine the phase transition type.
The magnetic free energy was expressed as a function of
temperature in the vicinity of the critical temperature
(T¢) while neglecting higher-order magnetization terms
to characterize the magnetic phase transition order. The
magnetic free energy (F') was mathematically defined as
a function of the total magnetization in a particular for-
mat.

1 1 1
F= 5a(T)M2 + Zb(T)M4 + 6c(T)M6 — o MH

We apply the equilibrium condition for the free energy

dF

= =0
dM

we obtain:
poH = a(T)M + b(T)M? + ¢(T)M°®

By plotting the magnetization M against the magnetic
field poH, the Landau parameters a(T'), b(T), and ¢(7T)
can be determined. The coefficients a(T") and ¢(T') are
always positive, and T¢ can be identified as the mini-
mum point of a(T). However, the sign of b(T') can be
positive, zero, or negative, and can indicate whether the
magnetic transition is a first-order or second-order phase
transition. In Fig. 7 the red solid line demonstrates good
agreement between the experimental data and the Lan-
dau model for all compositions TboFej7_,Al,. As an
example Fig. 8 presents the evolution of Landau param-
eters for the composition with x = 1, the Landau coef-
ficient b(T¢) is positive, which suggests that the transi-
tion from the ferromagnetic to paramagnetic state is a
second-order phase transition. The minimum point of
a(T) corresponds well with the Curie temperature values
obtained from thermomagnetic measurements.

The method of Arrott plots has several advantages, we
can mention:

e We can determine the value of the Curie tempera-
ture, by identifying the critical isotherm which is a
linear line passing through the origin.

e Based on Banerjee’s criterion, it is possible to deter-
mine the order of the magnetic transition, in fact,
if the isotherms drawn in the form M? = f(H/M)
have positive slopes so the transition is second-
order, on the other hand, if the isotherms have
negative slopes and have a similar shape of the let-
ter S the transition is classified as first-order. all
the plots presented in fig. 9 (An example is shown
here for the composition with z=1) show that the
isotherms plotted of the form M? = f(H/M) have

M*(A’mYkg)

0.000 0.001 0.602 0.603 0.604
u, H/M (Tkg/AM?)

Figure 9.  Isotherm magnetization curves, M(H), for
TboFe17_,Al, compounds measured at different tempera-
tures around the Curie temperature for magnetic fields be-
tween 0 and 1.5T.

positive slopes, for temperatures around T¢, which
confirms that the magnetic transition from the fer-
romagnetic state to the paramagnetic state is of
second order type.

C. DMagnetocaloric study

To assess how replacing iron with aluminum affects the
magnetocaloric properties of ThoFei7_,Al, compounds,
we calculated the magnetic entropy change ASy; as a
function of temperature for various aluminum compo-
sitions. This was done by numerically integrating the
M (H) curves measured at different temperatures under
an applied magnetic field of 1.5 T, using the equation
presented in [33].

H
oM
AS :/ <> dH
M ; aT ),

1
A R~ —_—
S Z: Tt —T;

(Miy1 — M,) AH,

In order to evaluate the potential of a magnetic ma-
terial for use in magnetic refrigeration applications, it
is important to assess its relative cooling power (RCP).
The RCP is calculated by multiplying the peak value of
the magnetic entropy change (ASy,) by the full width at
half maximum (6Tpwmar) of ASy. The equation used
to determine RC'P is provided by F. Fujita et al. in their
paper [25].

RCP = —ASM . 5TFWHM
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Figure 10. Magnetic entropy change AS(T,uoH)m for
TboFe17_,Al, samples.

Table II. Curie temperature, saturation magnetization, mag-
netic entropy maximum change and relative cooling power of
ThoFei7—zAl, (x = 0.25,0.5,0.75,1)
x(Al) 0 025 05 075 1
Te (K) 412 421 437 445 448
M, (Am?/kg) 119.6 111.2 101.2 92.8 81.5
ASyv(J/kgK) 2.19 2.01 191 1.75 1.6
RCP (J/kg) 88 87 76 60 42

The magnetic entropy change change ASy; as a func-
tion of temperature for various compositions is illustrated
in Fig.10. At the Curie temperature of each compound,
the maximum magnetic entropy ASy, is clearly defined,
and it slightly decreases as the aluminum content in-
creases. For example, the maximum AS); for the hexag-
onal structured ThoFeq7_,Al, compounds is 2.19, 1.91,
and 1.6 Jkg7'K~! for aluminum contents z of 0, 0.5, and
1, respectively (Tab.II).

These AS); values are similar to those reported for
the YoFej7 and NdyFey7 systems [26]. However, a lower
AS); value was found for the rhombohedral crystal struc-
ture of ThoFey;7 [50]. Furthermore, a reduction in the
peak width of the temperature dependence of AS); is
observed, which becomes more apparent with an increase
in aluminum content. This reduction causes a decline in
the relative cooling power (RC'P) from 88 J/kg for x =0
to 42 J/kg for x = 1 (Tab. II).

Aside from the Relative Cooling Power (RCP), an-
other significant parameter employed to assess the suit-
ability of materials for magnetic refrigeration technolo-
gies is the temperature-averaged entropy change (TEC).
This additional figure of merit, introduced by L. D. Grif-
fith et al. [51], can be computed utilizing magnetic en-
tropy change data in the following manner:

ATg_c
Tvnid“!‘f

1
|ASy (T)|dT

TEC = —~
¢ ATy _¢

max

ATg ¢
Tomia— P]

ATy _¢ is characterized as the temperature range of
the measuring device, signifying the disparity between
the hot and cold heat exchangers. The temperature
value denoted by T),;q corresponds to the midpoint of
ATy _ ¢, which optimizes the Temperature-Averaged En-
tropy Change (TEC).

The Tab. III shows TEC values for ThoFei7_,Al,
compounds with TEC values for other magnetocaloric
oxide and intermetallic compounds. As the aluminum
concentration increases, the normalized TEC (%)
value appears to remain constant.

In comparison with other normalized TEC values,
such as those listed in the table, the values of the
TbyoFei7_,Al, series are comparable to those of the com-
pounds PI‘Q,5EI‘0_1SI‘0_4M1’1037 PI‘0_5E110_1SI‘0.4MD03,
HOQCOMHOG, Lao,gCa0,05Na0_15MnOg, and
TmFeqg sMng 2O3z. However, the normalized TEC' of the
compounds studied in this work is slightly lower than
that of the intermetallic compound Pri g4Smg zgFeq7.
The ThoFeq7_,Al, series of compounds exhibit a good
magnetocaloric effect and a controllable operating
temperature.



Table III. The TEC values of our sample and the TEC values of other materials are used for comparison.

Material Tmia ApoH ATp-¢  TEC ATfO% Ref
K T K J(Kkg)™" J(KkgT)™"

TboFe,r 410 1.5 5 1.48 0.98 this work
TboFeis.75Al0.25 420 1.5 5 1.44 0.96 this work
Tb2F616,5 A10,5 435 1.5 5 1.42 0.95 this work
TboFei6.25Al0.75 444.5 1.5 5 1.36 0.91 this work

TboFeisAly 448.5 1.5 5 1.3 0.86 this work
PI‘o,5EI‘0,1 Sr0,4M1’lO3 188.5 5 5 4.9 0.98 [46]
ProsEup.1Sro.4MnO3 279.9 5 5 4.45 0.89 [46]

Lag sCag.o5Nag.15sMnO3 315 5 5 4.55 0.91 [47]
Lag sNag2MnOs3 330 5 5 4.6 0.92 [47]
Ho2CoMnOg 77 7 5 6.5 0.928 [48]
TmFeg sMng 203 12 7 5 6.4 0.914 [49]
TmFeg-Mng 303 11 7 5 7 1 [49]
Pr1,64Sm0_36Fe17 300 3 5 3.71 1.24 [5]

IV. CONCLUSION

In the present work, the structure and magnetic and
magnetocaloric properties of the ThoFej7_,Al, com-
pounds with z = 0,0.25,0.5,0.75, and 1 were stud-
ied. These compounds are difficult to prepare by
mechanosynthesis since several other phases appear;
therefore, the compounds were elaborated by arc fur-
nace without subsequent annealing. We have shown that
the ThoFey7_,Al, compounds have a ThoNi;7 hexagonal
structure with a P63/mmc space group. The Rietveld re-
finement of the X-ray diffractograms allowed determin-
ing the structural parameters for different amounts of
aluminum. Lattice parameters and the unit cell volume
increase with aluminum amounts while the ¢/a ratio re-
mains nearly constant. The TboFej7_,Al, compounds
exhibit a second-order magnetic phase transition from a
ferromagnetic state to a paramagnetic state. This tran-
sition is temperature-induced and takes place around the
Curie temperature. The lattice parameters increase with
aluminum content, and the same behavior is observed for
Te values. The saturation magnetization M, decreases
with the increase of aluminum content. The decrease is
mainly due to magnetic dilution. Magnetic entropy and
relative cooling power decrease as the aluminum amount
increases. The ThoFei7_,Al, compounds are among the
materials with a moderate magnetocaloric effect and a
controllable operating temperature.
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