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Numerous research studies have documented materials exhibiting a significant magnetocaloric
effect (MCE) at elevated temperatures. However, there is a scarcity of materials displaying both
intriguing MCE and a second-order transition phase from a ferromagnetic state to a paramagnetic
state at approximately 300K. In this current study, we provide an account of the structural, mag-
netic, and magnetocaloric characteristics of the (Er,Nd)2Fe17 system. (Er,Nd)2Fe17 compound was
prepared by arc melting under high pure argon and homogenized at 1073K to minimize the amount
of other possible impurity phases. X-ray diffraction (XRD) coupled with Rietveld analysis with
FullProf computer code was used for the structural study. This compound crystallizes in the rhom-
bohedral Th2Zn17 and Th2Ni17 type structure.the Er2−xNdxFe17 compounds adopt the hexagonal
Th2Ni17-structure type and extends for x=0, 0.4, 0.7, while for x= 1.75, 1.85 and 2 adopts the
rhombohedral Th2Zn17-structure type. Hence, the temperature dependence of the magnetization is
determined. The Curie temperature increases from 294K to 335K after the total Er substitution by
Nd. The magnetic entropy changes ∆SM, and the relative cooling power and temperature-averaged
entropy change (TEC) are reported. Based on these results, the compounds under investigation
exhibit an intriguing magnetocaloric effect in the vicinity of room temperature.

PACS numbers: 75.50.Bb, 75.50.Tt, 76.80.+y
Keywords: Intermetallic rare-earth transition-metal compounds; X-Ray Diffraction; Crystal structure, Mag-
netic materials; Magnetocaloric Effect.

I. INTRODUCTION

Today’s cooling physics is mainly based on vapor com-
pression refrigeration invented a hundred years ago. It
has played an important role in industry, agriculture,
lifestyle, and housing patterns, ... For example, many
commercial applications are available today, including
domestic refrigerators, industrial freezers, cryogenics,
and air conditioning. However, highly advanced vapor
compression refrigeration systems are asymptotically ap-
proaching their theoretical efficiency limit. In addition,
refrigeration is one (∼15 percent) of the largest sources
of electricity consumption in the world and therefore con-
tributes to global CO2 greenhouse gas emissions. In addi-
tion, vapor compression refrigerants themselves, such as
hydrochlorofluorocarbons (HCFCs), are one of the major
sinks for greenhouse gas emissions, with a global warm-
ing potential far greater than that of CO2. As a re-
sult, there has been a search for an alternative cooling
technology that is highly efficient, economical, and en-
vironmentally friendly. In this context, solid-state heat
transfer materials, which undergo an adiabatic temper-
ature change or isothermal entropy change when an ex-
ternal stimulus is applied or removed, are highly sought
after for new refrigeration solutions to replace current
vapor cycle cooling technologies. The most important
caloric materials are ferro-ordered materials that often
exhibit ”giant” caloric effects near their ferroic transi-
tions. Depending on the external stimulus, the effects can
be called magnetocaloric (magnetic field), electrocaloric
(electric field), or electrocaloric (uniaxial stress). All
of these caloric effects seem promising as they can of-

fer better energy efficiency with low environmental im-
pact compared to vapor compression refrigeration. Many
important breakthroughs in condensed materials physics
and materials science have been made to date through
a sustained and coordinated effort by the international
caloric community. For example, an important discov-
ery of the giant magnetocaloric effect at room tempera-
ture was announced by Karl A. Gschneidner, Jr. and
Vitalij K. Pecharsky in 1997, which led to an expo-
nential increase in scientific publications. At the same
time, a significant motivation for the development of de-
vices aimed at commercial applications. Several magne-
tocaloric materials have been studied since the discovery
of MCE, but the most promising materials for magnetic
refrigeration at room temperature are Gd5(Ge,Si)4 [1–
4], La(Fe,Co,Si)13(H,C) [5–10], Fe2P [11–14], manganites
R1−xAxMnO3 [15–18] and related alloys and compounds.
Gadolinium is the only element having a strong reversible
magnetocaloric effect near room temperature. However,
its relatively rapid corrosion by oxidation, its high price,
and the insufficient global resources do not allow it to
compete with conventional refrigeration systems. R2Fe17
intermetallic compound can be considered as a relatively
low-cost magnetocaloric material compared to Gd and
Gd-based materials. Additionally, R2(Fe, X)17 (R=Pr,
Sm, Er, Gd, Ce, Nd and X = Ni, Co, Cu, Mn, Al,
Si..) [19–26] compounds have undergone extensive study
over the past two decades, all with the overarching goal
of improving both the magnitude and temperature range
of MCE. We focus on iron-rich Er2Fe17 and Nd2Fe17
based compounds, their relatively large magnetic entropy
change maximum around room temperature with a large
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full width at half-maximum of magnetic entropy change
and its reversible magnetocaloric effect make Er2Fe17 and
Nd2Fe17 a good competitor for Gd-based magnetic ma-
terials. This research work is part of a continuation
of the study of the isothermal section of (Er-Nd-Fe) at
1073K [27]. The Er2−xNdxFe17 solid solution adopts the
hexagonal Th2Ni17 structural model and covers the en-
tire composition range from x = 0 to x = 1. In contrast,
the Nd2−xErxFe17 solid solution, characterized by the
rhombohedral Th2Zn17 structure, has a narrow solubil-
ity range extending from x = 0 to x = 0.3. In this work,
we select compositions within the solubility limit ranges,
considering the significance of phase purity in studying
the structural, magnetic, and magnetocaloric properties.

II. EXPERIMENTAL METHODS

Er2−xNdxFe17 has been prepared from high pure
elements iron(Fe) 99.9%, erbium (Er) 99.98% and
Neodymium(Nd) 99.98% by arc-melting technique under
a purified argon atmosphere. The elements are placed in
a copper crucible cooled by cold water. After ingot for-
mation, the compound is wrapped in tantalum foil and
introduced into a silica tube sealed under secondary vac-
uum 2 × 10−6 bar [28–30]. The ingot has been heat-
treated for seven days at 1073K, and is finally, water
quenched [31–33].

Phase analysis has been performed by X-ray powder
diffraction (XRD), using D8 Brucker diffractometer with
Cu Kα radiation λ = 1.54178 Å. XRD data of the sam-
ples have been collected between 20◦ and 80◦ at room
temperature with 0.015 step width.

XRD diagrams are analyzed with the Rietveld method
[34, 35] using the Fullprof program [36, 37]. The peak
shape function has been selected as Thompson-Cox-
Hastings pseudo-Voigt type [38]. The goodness of fit
indicators RB and χ2 are calculated from the program
output to measure the quality of refinement, and they
are defined as [36, 37]:

RB = 100

∑
K

|IK(O)− IK(C)|∑
K IK(O)

and

χ2 =

∑
i

wi|yi(O)− yi(C)|

N − P

where IK(O) is the observed Bragg intensity and
IK(C) is the calculated one. yi(O) is the intensity ob-
served at the ith step in the step scanned powder diffrac-
tion pattern, yi(C) is that calculated, and wi is the
weight of the observation. N is the total number of points
used in the refinement and P is the number of refined pa-
rameters.

The refined parameters are unit cell parameters, scale
factors U, V,W, background points, and atomic positions
[39–42], the input atomic parameters have been used to
determine the structure of our samples are from Ref. [43–
45].
Magnetic properties are measured using a mag-

neto/susceptometer Manics DSM8 operating on the same
principle as a Faraday-type balance between 300 and
900K [46]. A Physical Properties Measurement System
(PPMS) magnetometer is used for measurements at low
temperatures between 200 and 340K.

III. RESULTS AND DISCUSSION

A. Structure analysis

Figure 1. P63/mmm space group with Th2Ni17 type struc-
ture et R3̄m space group Th2Zn17 type structure
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Figure 2. XRD patterns of the Er2−xNdxFe17 (x=0.4, 0.7,
1.75 and 1.85) samples.
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Figure 3. The Rietveld refinement pattern for Er2−xNdxFe17 compounds with x=0 (a), x=0.4 (b), x=0.6 (c), 1.75 (d), x=1.85
(e) and x=2 (f). The black circle and cyan lines present respectively the calculated intensities and the experimental intensities.
The magenta vertical bars correspond to (hkl) line positions (Positions of Bragg peaks). The red line shows the difference
between the calculated and experimental intensities.

Table I. a and c unit cell parameters, RB , χ
2 factors, and atomic positions from Rietveld refinement of Er2−xNdxFe17.

x = 0 x = 0.4 x = 0.7 x = 1.75 x = 1.85 2

a (Å) 8.415(3) 8.472(2) 8.507(4) 8.567(1) 8.577(3) 8.581(1)

c (Å) 8.299(4) 8.301(1) 8.308(3) 12.451(1) 12.472(2) 12.491(1)

c/a 0.98 0.97 0.97 1.453 1.454 1.455

V (Å3) 509 516 521 791 794.57 796

χ2 1.45 2.28 1.98 2.15 2.44 1.75

RB 2.98 4.13 3.38 3.54 3.75 2.68

Based on their powder diffraction patterns, R2Fe17
compounds are generally assumed to crystallize in the
rhombohedral crystal structure of the type Th2Zn17
when R=Pr, Nd, Sm or in the hexagonal structure of
the type Th2Ni17 for R=Gd, Tb, Dy, Ho, Er, Tm, Lu.
These two structures can be described by a stacking of
the RM5 (CaCu5) hexagonal lattice with an ordered re-

placement of one third of the R atoms by the remaining
stoichiometric amount of M2 metal pairs:

• The Th2Zn17 type compound has nine entities per
cell where three rare earth atoms have each been re-
placed by a M-M dumbbell (Dummbell site). This
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description can be schematized by:

9(RM5)− 3R+ 3M2 7−→ 3R2M17

• Th2Ni17 has six entities per unit cell where two
rare-earth atoms have been replaced each by a M-
M barbell (Dummbell site). This description can
be schematized by :

6(RM5)− 2R+ 2M2 7−→ 2R2M17

The rhombohedral structure Th2Zn17 belongs to the
R3̄m space group, where a single 6c site and four different
sites 6c, 9d, 18f , 18h, according to Wyckoff notation,
are available for R and M atoms, respectively. In the
hexagonal phase space group P63/mmm four sites (4f ,
6g, 12j, 12k) are always occupied by M, while two sites 2b
and 2c are available for R. Current knowledge indicates
that two metal atoms are symmetrically positioned in a
dumbbell configuration with respect to the basal plane
of the structure containing the R atoms.

In a paper published by our group studying equilibrium
solid phases in the Er-Nd-Fe system at 1073K Fig. 12
([27]) shows the X-ray diffraction patterns for the five
compositions Er2−xNdxFe17 (x=0, 0.5, 1, 1.5). For x=0
we noted that the compound crystallizes in a hexagonal
lattice in the space group P63/mmm. The same obser-
vation for both compositions x=0.5 and x=1. However,
for the composition with x=1.5, we noted the presence
of peaks of the 2/17 rhombohedral phase and the 2/17
hexagonal phase. After a total substitution of the Er
atom by the Nd atom, the structure becomes pure rhom-
bohedral. From this observation, we can conclude that
the change from a hexagonal structure to a rhombohe-
dral structure is not sudden, but it occurs gradually by
substituting erbium by neodymium. The Rietveld refine-
ment confirms that neodymium replaces erbium with a
change of crystal structure.

In Fig. 2, we present diffractograms obtained from
measurements of four compounds, with two being
erbium-rich and the other two neodymium-rich. The
diffractograms distinctly reveal that the two erbium-
rich compounds exhibit a hexagonal Th2Ni17 structure,
whereas the neodymium-rich compounds’ diffractograms
display a rhombohedral Th2Zn17 structure. Upon closer
examination of the diffraction peaks, a noticeable trend
emerges: with increasing erbium concentration, the
diffraction peaks shift towards wider angles. This phe-
nomenon stems from the reduction in lattice parameters
caused by the comparatively smaller size of erbium atoms
when contrasted with neodymium atoms. This observa-
tion is confirmed by Rietveld refinement, and the ob-
tained lattice parameters for all compositions are listed
in Tab. I. We display in Fig. 3 the diffractograms of the
Er2−xNdxFe17 compounds along with their Rietveld re-
finement.

The SEM-EDS analysis, which agrees with the results
of X-ray diffraction patterns, shows that all the prepared
samples are single-phase. Fig.4 presents the SEM image

Figure 4. Backscattered electron SEM image of the
Er1.3Nd0.7Fe17 compound.

Table II. EDS results of the Er2−xNdxFe17 (x = 0, 0.4, 0.7,
1.75, 1.85 and 2) compounds.

Compounds EDS results (at.%)

Er Nd Fe

Er2Fe17 10.43 0 89.57

Er1.6Nd0.4Fe17 8.3 2.18 89.52

Er1.3Nd0.7Fe17 6.76 3.64 89.5

0.25Nd1.75Fe17 1.31 9.19 89.32

Er0.15Nd1.85Fe17 0.78 9.72 89.41

Nd2Fe17 0 10.49 89.51

micrograph of the compound Er1.3Nd0.7Fe17 (as an ex-
ample). The gray area shows that this sample consists
of only one phase without any impurity phase. The de-
tails of the compositions measured by EDS are listed as
follows in Tab.II

B. Magnetic and magnetocaloric properties

We present in this part, the magnetic properties of
the compounds Er2−xNdxFe17. In magnetic refrigeration
materials, a crucial piece of information is the operating
temperature, commonly referred to as the Curie temper-
ature. To estimate the Curie temperature values we mea-
sure the magnetization as a function of temperature un-
der a weak external magnetic fieldFig. 5(up) shows the
variation of the magnetization versus the temperature of
the compounds Er2−xNdxFe17 (x=0, 0.4, 0.7, 1.75, 1.85,
2).
All the curves exhibit nearly constant magnetization at

low temperatures, followed by a sudden drop indicative of
the transition from the ferromagnetic state to the para-
magnetic state. The transition from the ferromagnetic to
the paramagnetic state occurs over a wide temperature
range, suggesting that the transition is likely of second
order. To determine the Curie temperature, we employ
a commonly used method that involves calculating the
derivative of magnetization with respect to temperature.
According to this method, the Curie temperature corre-
sponds to the minimum of the magnetization derivative.
Fig. 5(down) displays the magnetization derivative
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Figure 5. Temperature dependence of magnetization (up)
and derivative of magnetization (down) of Er2−xNdxFe17 un-
der an applied magnetic field µ0H = 0.1T.

curves calculated for the six compositions investigated
in this study. We note an increase in the Curie tem-
perature value with the increase of the neodymium com-
pound content. The Curie temperature is equal to 294K
and 335K for Er2Fe17 and Nd2Fe17, respectively. This
increase is attributed to the de Gennes factor (G). The
exchange interaction between a rare earth atom and a
transition metal is directly proportional to this factor. A
higher de Gennes factor leads to a stronger exchange in-
teraction and consequently a higher Curie temperature.
Among the rare earth elements, Gd possesses the highest
de Gennes factor, which justifies higher Curie temper-
ature of Gd2Fe17 compared to the R2Fe17 series. The
factor G follows an ascending trend from Cerium to Gd
and subsequently decreases as one moves away from Gd.
Thermomagnetic measurements reveal an initial advan-
tage of these compounds, which is the controllable oper-
ating temperature achieved through substitution in the
rare earth site.

It’s also very important to measure magnetization as a
function of the magnetic field in order to compare the sat-
uration magnetization values of the magnetocaloric com-

pounds studied in this article, not only that, but from
these curves we can derive other very important infor-
mation. First, let’s look at the saturation magnetization
values as a function of neodymium content.
Fig. 6 illustrates the isothermal magnetization behav-

ior, denoted as M(µ0H,T ), across a range of magnetic
fields spanning from 0 to 5T, while varying temperatures
from 252 to 340K. The data reveals distinct patterns: be-
low the critical temperature TC , which signifies the tran-
sition to a ferromagnetic state, there is a pronounced
upsurge in magnetization with increasing magnetic field
strength. Conversely, at temperatures exceeding TC , the
material exhibits paramagnetic behavior, characterized
by a gradual increase in magnetization in response to
the applied magnetic field. Additionally, it is notewor-
thy that, for a constant magnetic field, magnetization
diminishes as temperature rises. From Fig. 6, it’s clear
that magnetization maximum decreases with increasing
erbium content. The magnetization maximum values are
shown in the Tab. III. In fact, the total moment can
be written as µtot = 17µFe − ((2 − x)µEr + xµNd): in
general, in intermetallic compounds that combine a tran-
sition metal atom with a rare earth atom, the moments
of the rare earth and the moment of the transition metal
atom are antiparallel, so the magnetic moment of the rare
earth atom is subtracted from the total moment. Since
the magnetic moment of erbium is much higher than that
of neodymium, compensation is more important, hence
the decrease in saturation magnetization.
To determine the variation in magnetic entropy result-

ing from the application of a magnetic field, we need to
perform the following integration using the Maxwell re-
lation [47]:

∆SM = µ0

∫ H

0

(
∂M

∂T

)
H

dH

Here, M represents magnetization, T represents tem-
perature, and µ0H represents the applied magnetic field.
However, if we obtain isothermal M(H) curves through
discrete changes in the magnetic field, we can utilize the
following expression [47]:

|∆SM| = µ0

∑
i

Mi −Mi+1

Ti+1 − Ti
∆Hi

In this equation, Mi and Mi+1 denote the initial mag-
netization at temperatures Ti and Ti+1, respectively,
when the magnetic field increases by ∆Hi. Table IV
presents the values of −∆SM for various R2Fe17 com-
pounds.
Fig. 7 depicts the magnetic entropy variation in the

vicinity of the Curie temperature of Er2−xNdxFe17 com-
pounds with x=0.4, 0.7, 1.75 and 1.85 in response to
an external magnetic field ranging from 0 to 5T. At
a magnetic field change of µ0∆H = 5, T , the magni-
tude of |∆SM| is approximately 6 J/(kg·K) at T=320K,
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Figure 6. Temperature and magnetic field dependence of magnetization for Er2−xNdxFe17 compounds with x=2 (a), x=1.85
(b), x=1.75 (c), x=0.7 (d), x=0.4 (e) and x=0 (f).

Table III. Magnetization maximum of Er2−xNdxFe17 compounds measured at 252K under a maximum of an applied magnetic
field equal to 5T.

x = 0 x = 0.4 x = 0.7 x = 1.75 x = 1.85 2

Mmax (Am2·kg−1, T=252K) 85 90 97 124 129 135

T=329K and T=335K for x=1.75, x=1.85 and 2, respec-
tively. For x=0, x=0.4 and 0.7 the magnitude of |∆SM|

is approximately 3.5 J/(kg·K) at T=295K, T=308K and
T=315K, respectively. The introduction of Nd through
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Figure 7. Magnetic entropy change plotted against temperature under several applied magnetic fields for Er2−xNdxFe17
compounds with x=2(a), x=1.85 (b), x=1.75 (c), x=0.7 (d), x=0.4 (e) and x=0 (f).

partial substitution for Er results in an elevated opera-
tional temperature where the maximum of |∆SM| occurs.
All compositions present a good magnetocaloric effect,
with a quasi-constant magnetic entropy change. Accord-
ing to the Tab. IV, the maximum variation in magnetic
entropy decreases as the erbium concentration increases,
∆Smax of Nd2Fe17 seeks a maximum for T = TC equal to
6.3 J/(kg·K) for a magnetic field variation equal to 5T,
whereas for the Er2Fe17 compound the maximum mag-
netic entropy takes the value 3.5 J/(kg·K) ∼ 60% of that
observed for the Nd2Fe17 compound.

While numerous research studies have reported mate-
rials with high Entropy Change effects at low and high
temperatures, there are relatively few materials exhibit-
ing high Magnetocaloric Effect (MCE) and a second-
order transition from a ferromagnetic state to a param-
agnetic state around 300K.
The relative cooling power (RCP ) is a crucial param-

eter in magnetocaloric applications and is linked to the
maximum entropy change as expressed in the following
relationship [6]:

RCP = −∆SM δTFWHM
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Table IV. TC , magnetic entropy change and magnetic field change of some R2Fe17 compounds.

Compound TC −∆SM µ0∆H δTFWHM RCarea RCP Ref

(K) J/(kg·K) (T) (K) (J/kg) (J/kg)

Er2Fe17 290 3.5 5 67 275 234.5 This work

Er1.6Nd0.4Fe17 300 3.7 5 88.6 258 328 This work

Er1.3Nd0.7Fe17 308 4.1 5 100 332 410 This work

Er0.25Nd1.75Fe17 315 5.7 5 76 331 433 This work

Er0.15Nd1.85Fe17 320 6.1 5 66 302.3 402 This work

Nd2Fe17 337 6.3 5 62 280 390 this work

Y2Fe17 303 4.6 5 103 367 478 [48]

Pr1.64Sm0.36Fe17 300 3.24 3 78 195 247 [49]

Gd 293 4.8 2 44 - 213 [50]

Pr2Fe17 285 5.5 5 98 - 540 [51]

Gd2Fe17 475 1.2 1.5 - - 18 [52]

Nd2Fe17 339 1.7 1.5 50 - 105 [53]

Compound Tmid ∆µ0H ∆TH−C TEC TEC
∆µ0H

Ref

K T K J(K · kg)−1 J(K · kgT )−1

Er2Fe17 290 5 5 3.4 0.7 This work

Er1.6Nd0.4Fe17 300 5 5 3.8 0.85 This work

Er1.3Nd0.7Fe17 308 5 5 4.3 0.98 This work

Er0.25Nd1.75Fe17 315 5 5 5.5 1.17 This work

Er0.15Nd1.85Fe17 320 5 5 6 1.26 This work

Nd2Fe17 330 5 5 6.4 1.32 This work

Pr1.64Sm0.36Fe17 300 3 5 3.71 1.24 [49]

Pr0.5Eu0.1Sr0.4MnO3 279.9 5 5 4.45 0.89 [54]

Pr0.5Er0.1Sr0.4MnO3 188.5 5 5 4.9 0.98 [54]

TmFe0.7Mn0.3O3 11 7 5 7 1 [55]

TmFe0.8Mn0.2O3 12 7 5 6.4 0.914 [55]

La0.8Na0.2MnO3 330 5 5 4.6 0.92 [56]

La0.8Ca0.05Na0.15MnO3 315 5 5 4.55 0.91 [56]

Ho2CoMnO6 77 7 5 6.5 0.928 [57]

The parameter δTFWHM represents the full width at
half-maximum in the temperature dependence of the
magnetic entropy change. Table IV provides the max-
imum values for −∆SM, the temperature variation ∆T ,
and the relative cooling power (RCP ).

Another crucial parameter for assessing the magne-
tocaloric effect is the refrigerant capacity (RC)Area,
which quantifies the amount of heat that can be trans-
ferred during a single thermodynamic cycle. The RC
value is determined by calculating the area under the
−∆SM curve at the temperature corresponding to the
FWHM. This can be computed by integrating the fol-
lowing expression [58]:

RCArea(H) =

∫ Tmax

Tmin

∆SM (T,H)dT ;

Tmax − Tmin = δTFWHM

Apart from RCP and RCarea, there is another param-
eter known as the temperature-averaged entropy change
(TEC), which has been employed to assess the suitabil-
ity of materials for magnetic refrigeration technologies.
The concept of TEC was introduced by L. D. Griffith
and his colleagues as an additional figure of merit. The
calculation of TEC involves utilizing magnetic entropy
change data and can be expressed as follows [59]:

TEC =
1

∆TH−C
max


Tmid+

∆TH−C
2∫

Tmid−
∆TH−C

2

|∆SM (T )|dT


Let ∆TH−C denote the temperature range of the mea-

suring device, representing the difference between the
hot and cold heat exchangers. Tmid signifies the tem-
perature value at the midpoint of ∆TH−C , optimizing
(TEC) value. Figure 8 illustrates TEC variation with
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∆TH−C for magnetic field changes equal to 5T. No-
tably, TEC exhibits a gradual, monotonic decrease as
∆TH−C increases, closely approaching the maximum en-
tropy change value for lower ∆TH−C . For a given tem-
perature, TEC consistently increases with the Nd con-
tent. Let’s now discuss the different figures of merit of the

5 1 0 1 5 2 0 2 5

3

4

5

6

7  x = 2
 x = 1 . 8 5
 x = 1 . 7 5
 x = 0 . 7
 x = 0 . 4
 x = 0

D T H - C ( K )

TE
C(

J.K
-1 .kg

-1 )

Figure 8. TEC plotted against ∆TH−C for Er2−xNdxFe17

magnetocaloric effect calculated in this article. the RCP
calculated for the Er2Fe17 compound for a magnetic field
variation equal to 5T is equal to 234 J/kg, by increas-
ing the Nd concentration the RCP value increases to a
maximum value equal to 433 J/kg for the Er0.4Nd1.6Fe17
compound, then decreases slightly to reach a value equal
to 390 J/kg for the Nd2Fe17 compound. this anomaly can
be explained by the decrease in the width at half the max-
imum of the magnetic entropy with the increase in Nd
concentration, which was not sufficiently compensated by
the increase in the maximum of the magnetic entropy to
give a monotonic variation of the RCP , the same behav-
ior is observed in the values of RCarea. There are several
magnetocaloric materials that have been studied for mag-
netic refrigeration at room temperature: Gd5(Ge,Si)4 [1–
4], La(Fe,Co,Si)13(H,C) [5–10], Fe2P [11–14], manganites
R1−xAxMnO3 [15–18] and related alloys and compounds.
In these materials the magnetic transition from the ferro-
magnetic state to the paramagnetic state is a first-order
transition phase that shows a large |∆SM| at operating
temperature, but possess a low RCP because of their low
working temperature range δTFWHM ∼ 10K as opposed
to materials with second-order transition phase like the
compound Er1.3Nd0.7Fe17 with δTFWHM ∼ 100K.
For Er1.3Nd0.7Fe17 and Er0.25Nd1.75Fe17 RCP is found
to be around 430 J/kg under a magnetic field change of
5T which is around 70% of that observed in pure Gd and
makes our compound a potential candidate for magnetic
refrigeration around the room temperature [50].

From the point of view of magnetic refrigeration the
irreversibility of the magnetocaloric effect is a major dis-

advantage, indeed, a very small thermal hysteresis is a
basic constraint for a practical refrigerant [60]. For ex-
ample, the materials mentioned above like (Gd5(Ge,Si)4,
La(Fe,Co,Si)13(H,C),Fe2P) exhibit a first-order transi-
tion phase, show a large |∆SM| but with a relatively
large thermal hysteresis contrary to materials that dis-
play a second-order magnetic transition. Compared to
these materials, Er2−xNdxFe17 exhibits a second order
magnetic transition at a TC very close to room temper-
ature with a moderate |∆SM| and high RCP .
It should be mentioned that detailed research shows that
the Maxwell relation can not be utilized close to the Curie
temperature because of the coexistence of paramagnetic
and ferromagnetic phases the sudden drop in the mag-
netization causes a discontinuity in the entropy change
at Curie temperature. Consequently, the large entropy
peak is a fallacious result because of the inappropriate
use of the Maxwell relation [61, 62]. The TEC values
obtained for (Er,Nd)2Fe17 are shown in tab IV. the TEC
calculated for the Er2Fe17 compound for a magnetic field
variation equal to 5T is equal to 3.4 J/(kg·k), by increas-
ing the Nd concentration the TEC value increases to a
maximum value equal to 6.4 J/(kg·K) for the Nd2Fe17
compound. For the variation in the value of TEC, we
observe a monotone variation, and we don’t observe a
maximum like the one observed for RCP . This can be
explained by the low value of ∆TH−C=5K. In this case,
the TEC values follow the same variation observed for
the maximum magnetic entropy. To compare TEC value
of our compound with others, we divide TEC value by
the applied magnetic field value. The compounds stud-
ied in this work not only exhibit an adjustable operat-
ing temperature in the vicinity of room temperature but
also demonstrate a comparable to superior (TEC) when
compared to the compounds presented in the compari-
son table. The highest TEC values are observed for the
compounds Nd2Fe17 and Er0.15Nd1.85Fe17.

IV. CONCLUSION

The structural, magnetic, and magnetocaloric proper-
ties were investigated for the compounds (x=0, 0.4, 0.7,
1.75, 1.85, and x=2). For the compounds with x=0, 0.4,
and 0.7, they crystallize in a hexagonal lattice of the
Th2Ni17 type in the space group P63/mmm. In contrast,
the compounds with x=1.75, 1.85, and x=2 crystallize in
a rhombohedral lattice of the Th2Zn17 type in the space
group R3̄m. The evolution of the Curie temperature
is studied using thermomagnetic measurements under a
low applied magnetic field of 0.1T. It was observed that
the Curie temperature increases with the concentration
of Nd. Consequently, we report the evolution of satu-
ration magnetization, which also increases with the Nd
concentration. The variation of magnetic entropy is cal-
culated for the different compounds. The absolute value
of the magnetic entropy change, |∆SM|, is approximately
6 J/(kg·K) at temperatures of 320K, 329K, and 335K
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for values of x equal to 1.75, 1.85, and 2, respectively.
Conversely, for x values of 0, 0.4, and 0.7, the mag-
nitude of |∆SM| is approximately 3.5 J/(kg·K) at tem-
peratures of 295K, 308K, and 315K, respectively. The
incorporation of Nd through partial substitution for Er
leads to an increased operational temperature, where the
maximum of |∆SM| is observed. For Er1.3Nd0.7Fe17 and
Er0.25Nd1.75Fe17 RCP is found to be around 430 J/kg
under a magnetic field change of 5T which is around
70% of that observed in pure Gd. The merit figures
RCarea and TEC have also been calculated to evalu-
ate the magnetocaloric effect. The compounds Nd2Fe17
and Er0.15Nd1.85Fe17 exhibit the highest (TEC) values

∼ 1.3 J/(Kg·K). The Er2−xNdxFe17 series offers the ad-
vantage of a tunable operating temperature around room
temperature with an interesting magnetocaloric effect.
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