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ABSTRACT

With the development of the current times, the demand for refrigeration is in

every aspect. Nevertheless, the necessity for new refrigeration materials is

immediate because of the greenhouse effect and the destruction of the atmo-

sphere. Therefore, perovskite materials have been investigated. La0.8-xEux-

Ca0.1Sr0.1MnO3 (LECSMO) (x = 0.05, 0.10, 0.15) powder samples were prepared

using the sol–gel method (S–G). The structure, magnetocaloric effect, and

magnetic of LECSMO have been explored. X-ray diffraction (XRD) indicates that

all samples belong to the rhombohedral perovskite structure of the Pbnm space

group. The magnetic research of LECSMO revealed that the samples doped with

Eu3? exhibited a ferromagnetic (FM) to paramagnetic (PM) transition around

the Curie temperature (Tc). As the amount of Eu3? doping is added, Tc

decreased from 264 to 194 K. Normalization and Banerjee’s criterion confirmed

the second-order phase transition of the LECSMO near Tc. The maximum

magnetic entropy change (�DSmax
M ) for LECSMO (x = 0.05, 0.10, 0.15) is 5.39,

4.52, and 4.35 J/(kg�K) when the applied magnetic field (H) = 5 T, respectively.

Further, the relative cooling power (RCP) of LECSMO is 282.20 J�kg- 1,

305.20 J�kg- 1, and 323.15 J�kg- 1, respectively.

1 Introduction

At present, refrigeration technology has a critical

position and is closely related to the production and

life of people. Refrigeration technology is used

everywhere, for example, in medical equipment,

refrigerators, the chemical and petroleum industry,

the power industry, and precision instruments [1–5].

In daily life, the commonly used method is gas

compression refrigeration. The extensive use of gas
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compression refrigeration (Freon) has caused severe

damage to the environment. Therefore, it is vital to

find newer cooling methods to achieve better cooling.

Under these conditions, magnetic refrigeration tech-

nology was created. Since the physical properties of

the magnetocaloric effect (MCE), magnetic refrigera-

tion using MCE is becoming increasingly advanta-

geous [6]. Magnetic refrigeration offers better cooling

efficiency than conventional gas compression refrig-

eration and does not cause environmental pollution,

making it greener and more energy efficient [7, 8].

The MCE is caused by the magnetized material’s

demagnetization, cooling, or heating. Whereas, the

MCE results from the coupling between the atomic

lattice and the magnetic moment, the change in

magnetic entropy of magnetic refrigeration materials

in the presence of H. The change in entropy for

isothermal processes and the change in temperature

(T) for adiabatic processes are the basic indicators of

performance [9–12]. As a result, researchers have

developed new refrigeration materials with a wide

operating temperature range and a considerable

variation in magnetic entropy change (DSM).

There are hundreds of MCE materials that have

been discovered since the 21st century. Metal Gd and

Gd-based alloys, La(FeSi)13, and Gd5Si2Ge2 all exhibit

excellent MCE [13–15]. However, these materials are

difficult to apply due to their high price, cumbersome

synthesis methods, and bigger thermal hysteresis.

ABO3 has attracted much attention and has been

extensively investigated because of its low price,

simple synthesis route, small magnetic hysteresis and

Fig. 1 A flowchart for the preparation of La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15)

Fig. 2 The XRD patterns of

the La0.8-xEuxCa0.1Sr0.1MnO3

(x = 0.05, 0.10, 0.15) samples
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Fig. 3 Changes in Volumes, Mn–O bond length, and Mn–O–Mn

bond angle of La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15)

samples

Fig. 4 Rietveld refinement for the La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15) samples

Table 1 Structural parameters for the LECSMO determined from

Rietveld analysis of X-ray powder diffraction data

X 0.05 0.10 0.15

Space group Pbnm Pbnm Pbnm

a (Å) 5.50399 5.50358 5.49952

b (Å) 5.50711 5.50672 5.50262

c (Å) 7.74851 7.74812 7.74403

V (Å3) 234.870 234.820 234.350

Mn–O (Å) 1.94166 1.94331 1.94364

Mn–O–Mn (�) 173.702 173.701 173.700

Rp (%) 2.31 2.33 2.14

Rwp (%) 2.98 3.19 3.02

v2 3.542 3.549 3.457

W 9 102 (a.u.) 9.80378 9.77468 9.76887
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thermal hysteresis, and significant DSM [16–19].

Recently, researchers have become very interested in

studying RE1-xAExMnO3 (RE = La, Pr, Nd, and Sm

and AE = Ba, Sr, and Ca) in ABO3. Because the Tc of

La1-xSrxMnO3 is suitable and thus could be a

potential magnetic refrigeration material [20–23].

Szewczyk et al. found that with Sr2? doping

increased, Tc approached near room temperature.

When H = 7 T, Tc = 305 K, �DSmax
M =7.90 J/(kg�K),

and RCP=395 J�kg-1 [24]. A. Elghoul et al. study

given Tc = 330 K for La0.8Sr0.2MnO3 when H = 2 T,

�DSmax
M =1.99 J/(kg�K), RCP=69.07 J�kg-1 [17]. When

doped with trace amounts of alkaline earth ions

(Ca2?, Ba2?), the MCE of ABO3 can be significantly

augmented without affecting the double-exchange

interaction (DE) [10, 25, 26].

In order to investigate a refrigeration material with

simple preparation, low cost, and axenic, the struc-

tural, magnetic, and magnetocaloric properties of

LECSMO (x = 0.05, 0.10, 0.15), which the amount of

Eu3? doping increases, using La0.8Ca0.1Sr0.1MnO3 as a

substrate have been deeply explored.

2 Experimental

In this paper, samples of LECSMO polycrystalline

powder were prepared using the S–G method. The

amount required for each sample was first calculated

from the stoichiometric ratios. (La(NO3)3�6H2O

10277-43-7, Ca(NO3)2�4H2O 13477-34-4, Sr (NO3)2

10042-76-9, Eu(NO3)3�6H2O 10031-53-5, and Mn(NO3)2

(50%) 10377-66-9. All chemicals used were of the

Aladdin brand and were C 99.5% pure). The gel was

then stirred uniformly in a constant temperature water

bath at 85 �C until a wet gel was formed. The wet gel

was dried at 120 �C for 12 h to obtain a dry gel. The

resulting dry gel was subjected to a heat treatment at

300 �C in a muffle furnace to remove the organic matter

from the samples. The powder was allowed to cool

naturally and then ground. The ground powder was

then calcined in a muffle furnace at 950 �C for 10 h to

obtain LECSMO polycrystalline powder. (Fig. 1)

XRD with Cu Ka radiation (k = 1.54059Å) was

used to determine the physical phase, structure, and

cell parameters of LECSMO. The data were further

processed by the Rietveld method. The characteristics

of morphology and size of the samples were analyzed

Fig. 5 The scanning electron microscope images and grading curve of La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15)
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Fig. 6 Scanning electron

microscope mapping of

La0.8-xEuxCa0.1Sr0.1MnO3

(x = 0.05, 0.10, 0.15)
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by scanning electron microscopy (SEM) (SEM, ZEISS,

GeminiSEM 300). Finally, the LECSMO was mag-

netically tested using the integrated magnetic mea-

surement system MPMS (Quantum Design (USA)).

3 Results and discussion

3.1 Structural exploration

The XRD data of LECSMO at room temperature are

shown in Fig. 2. Figure 2 confirms that the LECSMO

are all single-phase perovskite and that no impurity

phases are detected. Figure 2b is an enlarged figure of

the characteristic diffraction peak of the LECSMO

diffraction angle of 32–33.5�. The characteristic

diffraction peak of LECSMO between 32� and 33.5�
shifts slightly toward higher angles with increasing

Eu3? content, indicating that the cell volume (V) of

samples is diminished. This is because the ionic

radius of Eu3? (1.15 Å) is smaller than La3? (1.36 Å).

When the smaller ionic radius of Eu3? replaces the

larger ionic radius of La3?, the average radius of the

A-site ion decreases and therefore V decreases

accordingly [27–30]. At the same time, the Mn–O

bond length becomes larger, and the Mn–O–Mn bond

angle decreases, resulting in a distortion of the

LECSMO lattice. Figure 3 demonstrates how the

cultural parameters vary with the amount of Eu3?

doping. Refinement of the XRD data from LECSMO

by FULLPROF software confirmed that LECSMO is a

rhombohedral perovskite structure with a Pbnm

space group (Fig. 4).

Table 1 displays the calculated lattice constants, V,

Mn–O–Mn bond angles, and Mn–O bond lengths and

summarizes the fit v2 for LECSMO. To determine the

degree of stability of the LECSMO architecture, the

tolerance factor (t) Goldschmidt introduced is

defined [31]. The equation is as follows:

t ¼ ðrA þ rOÞp
2ðrB þ rOÞ

: ð1Þ

rO, rB, and rA are the average ionic radii at the O, B,

and A positions in the LECSMO perovskite man-

ganites, respectively. The average LECSMO ion

radius size was calculated using the Shannon

table and Eq. (1). The calculated t for LECSMO is less

than 0.96, confirming that it is a stable rhombohedral

perovskite structure. The bandwidth W is decided

from the angle of Mn–O–Mn and the length of Mn–O,

which is calculated as follows [32]:

Fig. 7 The energy-dispersive spectrometer results of La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15)
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W ¼
cos ðp�\Mn�O�Mn[ Þ

2

ð\Mn�O[ 3:5Þ : ð2Þ
Table 1 presents that as the amount of Eu3? doping

augments, the Mn–O–Mn bond angle declines, while

the Mn–O bond length increases, leading to a

decrease in W. The decrease in W reduces the overlap

between the Mn 3d orbital and the 2p orbital of the O

anion, reducing the Mn4?–O2-–Mn3? exchange cou-

pling and weakening the DE interaction, ultimately

weakening, leading to a decrease in Tc.

Figure 5 manifests the SEM diagram of LECSMO.

The particles of LECSMO show an irregular elliptical

distribution with porosity. LECSMO is available in

sub-micron crystalline size spanning from 84 to 171

nm. The average crystalline size (DXRD) of LECSMO

can be obtained according to Scherrer’s formula [33]

DXRD ¼ Kk
bcos hð Þ : ð3Þ

K is the Scherrer constant, k is the wavelength of

the x-rays, h is the Bragg diffraction angle, and b is

the half-height width of the LECSMO diffraction

peak. The DXRD range of LECSMO is between 50 and

100 nm. Results show that the size of the LECSMO

particles viewed by SEM is bigger than the DXRD

obtained by the Scherrer equation since each particle

in LECSMO is made up of multiple grains [10, 17, 34].

Fig. 8 Magnetization (100 Oe) vs. Temperature curve and dM/dT

vs. Temperature curve for La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05,

0.10, 0.15)

Fig. 9 Inverse susceptibility vs. Temperature curves generated for La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15) at H = 100 Oe

Table 2 The values of Tc, hw
(C-W temperature), C (Curie

constant), lexpeff , and ltheeff

X 0.05 0.10

Tc (K) 264 226

hw (K) 269 237

C (uB�K/T) 4.70 6.44

lexpeff lBð Þ 6.13 7.18

ltheeff (lB) 4.58 4.45
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Figure 6 indicates the scanning electron microscope

mapping of La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10,

0.15). Verification of the presence of all elements in

LECSMO by energy-dispersive spectrometer analysis

(Fig. 7). Energy-dispersive spectrometer analysis

confirmed the existence of La, Ca, Mn, Eu, Sr, and O

elements in the LECSMO.

3.2 Magnetic and Magnetocaloric
Exploration

LECSMO is magnetized in the temperature (T) scale

of 140-300 K in a field of 100 Oe. As shown in Fig. 8,

with T increased, the magnetization intensity (M) of

LECSMO diminished sharply. They indicated an FM-

PM transition of the polycrystalline powder

LECSMO. Tc is determined by differentiating the M–

T curve, and the smallest value of Tc corresponding

to dM/dT is determined as a consequence of T.

(Fig. 8). Figure 8 presents Tc for different Eu3? dop-

ing amounts are 264, 226, and 194 K. The variation of

Tc is related to the DE within the LECSMO material.

As the radius of Eu3? is smaller than that of La3?, as

the amount of Eu3? doping increased, the rA
decreased, distorting the lattice of LECSMO. The

degree of lattice distortion can be expressed in the

magnitude of the mismatch coefficient (r2), which is

defined as follows [35]

r2 ¼ \rA
2 [ �\rA [ 2: ð4Þ

Equation (4) calculates the r2 for LECSMO

(x = 0.05, 0.10, 0.15) as 0.6944, 0.7908, and 0.8715,

respectively. The increase in r2 with Eu3? doping

indicates an enhanced disorder and increased dis-

tortion of the A-site ions in LECSMO. The distortion

leads to a reduction in the Mn–O–Mn bond angle and

an enlargement of the Mn–O bond length, affecting

Mn3?–O2-–Mn4?, leading to a weakness in DE and a

reduction in Tc. Since the Tc of LECSMO (x = 0.05,

0.10) is closer to that required for low to medium

room temperature refrigeration, the magnetic

behavior of LECSMO (x = 0.05, 0.10) was further

Fig. 10 Isothermal magnetization for La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15)
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investigated in depth using the Curie–Weiss law (C–

W) (Fig. 9) [36, 37]:

X ¼ C

T � hW
: ð5Þ

C is the Curie constant and hW is the Weiss tem-

perature. The value of c is greater than Tc (Table 2).

The differences in hW and Tc may have some rele-

vance to the presence of magnetic inhomogeneities.

Table 2 shows that hW decreases significantly with

increasing Eu3? doping, showing a decreased DE,

associated with a decreasing Tc. A positive value of

hW indicates the presence of FM interactions.

C can be determined from C–W and the experi-

mental effective magnetic moment lexpeff is defined by

equation [38]:

C ¼ NAl2
B

3KB
� lexpeff

2
: ð6Þ

NA is the Avogadro constant, lB is the Bohr mag-

neton, and KB is the Boltzmann constant. The

following relation can determine the theoretical

effective magnetic moment ltheeff [39]:

ltheeff ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

0:8 � xð Þu2
eff Mn3þ� �

þ 0:2u2
eff Mn4þ� �

q

: ð7Þ

ltheeff and lexpeff are shown in Table 2. lexpeff gradually

raised as the amount of Eu3? doping was added. The

change in lexpeff is the opposite of the change in Tc. The

variance can illustrate the phenomenon in the

strength limit of the FM association between Mn3?

and Mn4?. lexpeff for the LECSMO (x = 0.05, 0.10)

samples are more remarkable than ltheeff , also con-

firming the presence of FM interactions in the PM

phase. The difference in the strength limit of the FM

interaction between Mn3? and Mn4? can illustrate

this phenomenon. LECSMO (x = 0.05, 0.10) samples

with lexpeff greater than ltheeff confirmed the presence of

FM interactions in the PM phase. Figure 10 shows the

isothermal magnetization profiles (M–H) of LECSMO

at different T. The range of H is 0–5 T, with a curve

measured at 10 K intervals. It was found that the

Fig. 11 Arrott plots of magnetization isotherms generated for La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15)
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maximum M of LECSMO increased from 76.5 Am2

kg- 1 (x = 0.05) to 81.6 Am2 kg- 1 (x = 0.15) as the

Eu3? doping content increased. When T of LECSMO

is lower than Tc and H is lower than 0.3 T, M of

LECSMO tends to rise rapidly with increasing H.

When H is more incredible than 0.3 T, M increases

slowly and eventually tends to saturate gradually.

When T\Tc, LECSMO has a larger M and exhibits

typical FM behavior. When T[Tc, the M of

LECSMO is relatively small and exhibits typical PM

behavior. At the same H, the higher the T, the smaller

the M of the LECSMO, determining that the LECSMO

underwent an FM-PM phase transition. Figure 10

demonstrates that M–H is not all linear when T[Tc,

explaining the reason for the difference between ltheeff

and lexpeff and demonstrating the presence of FM

clusters in PM.

To further investigate the use of magnetic phase

transformation in LECSMO, M2-H/M curves (Arrott

curves) were graphed in the critical temperature

region of the phase transformation (Fig. 11). The

Banerjee criterion allows the type of magnetic phase

change of LECSMO to be discerned. In the Arrott

curve, if the M2-H/M curve has a negative slope

around Tc or if the curve is S shaped, then the type of

magnetic phase transition of the sample is a first-

order phase transformation. If the gradient of the M2-

H/M curve around Tc is all positive, then the type of

magnetic phase transformation of the material is a

second-order phase transformation. The more negli-

gible hysteresis of the second-order phase transition

facilitates the practical application of LECSMO mag-

netically refrigeration materials.

The type of phase transition in LECSMO is deter-

mined using the Banerjee criterion and the field-fol-

lowing normalization curve proposed by Franco. The

normalization curve assumes that if there is a nor-

malization curve, the curves at various of H collapse

into a single curve, and the corresponding phase

transition for that material becomes the second-phase

transformation. The curve at various H cannot be

collapsed into a curve with a primary phase trans-

formation. This is defined by Equations. [40, 41]:

h ¼ Tc� Tð Þ= T1 � Tcð Þ; T�TCð Þ
T � Tcð Þ= T2 � Tcð Þ; T[TCð Þ

�

: ð8Þ

Fig. 12 Universal curves of La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15)
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T1 and T2 temperatures all need to satisfy

DSM T2ð Þ ¼ DSM T1ð Þ ¼ 1
2DS

Max
M . The normalized

curves of LECSMO at various H can all slump into

one curve. Confirming that the phase transitions

occurring in LECSMO are all second-order phase

transitions, in agreement with the results obtained

using the Banerjee criterion (Fig. 12).

The DSM of LECSMO is obtained from the adiabatic

change of T under a magnetic field. The equation for

the DSM is obtained using Maxwell’s thermodynamic

relations as follows [42]:

DSM T; HMAXð Þ ¼ S T; HMAXð Þ � S T; 0ð Þ

¼
Z

HMAX

0

oM

oT

� �

H

dH: ð9Þ

The magnetization measurements are carried out at

discrete magnetic fields and T separation, which can

be circa by Eq. (9) as Eq. (10) [43].

DSðT;HÞ ¼
X

i

Miþ1ðTiþ1;HÞ �MiðTi;HÞ
Tiþ1 � Ti

DH; ð10Þ

where Mi and Miþ1 are the experimental magnetiza-

tion values at Ti and Tiþ1 temperatures, respectively.

The relationship between the DSM of LECSMO at

different H and T are given in Fig. 13. At the same T,

the DSM of LECSMO increases gradually with

increasing H. This is because increasing H increases

the degree of ferromagnetic long-range ordering in

LECSMO, which accelerates the change in M of the

sample near Tc and ultimately leads to an increase in

the DSM. The �DSmax
M of LECSMO is 5.39 J/(kg�K),

4.52 J/(kg�K), and 4.35 J/(kg�K) at H = 5 T. The DSM
of LECSMO decreases with increasing x, which is

related to the weakening of DE inside the LECSMO

sample. As the amount of Eu3? doping increases, the

MnO6 octahedral distortion becomes more and more

severe, affecting the DE of Mn3?–O2-–Mn4? and

Fig. 13 �DSM vs. T curves generated for La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15) in 1–5 T
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eventually leading to a decrease in the �DSmax
M vari-

ation of LECSMO.

For magnetic refrigeration materials, the relative

cooling efficiency (RCP) is an essential parameter for

judging their performance, and the RCP is calculated

using formula [44]

RCP ¼ �DSmax
M � dTFWHM; ð11Þ

where dTFWHM is the magnitude of the half-peak

width of the �DSmax
M curve. The RCP of LECSMO

varies as a function of H, as shown in Fig. 14 . It can

be seen from the graph that the RCP of LECSMO

gradually rises as H added. According to the equa-

tion RCP = aHb, it is shown that RCP is reliant on H.

The b-values obtained after the fit was similar to

those previously reported. The RCP for LECSMO was

greatest when H = 5 T. The RCP for LECSMO was

282.20 J�kg- 1 (x = 0.05), 305.20 J�kg- 1 (x = 0.10), and

323.15 J�kg- 1 (x = 0.15), respectively. The DSM of

LECSMO is gradually enhanced in the RCP as the

amount of Eu3 ? doping rises, although it is declin-

ing. The magnitudes of Tc, �DSMax
M , and RCP for

LECSMO are listed in Table 3 for comparison with

the values for other magnetic materials at H.

According to thermodynamic theory, the variations

in magnetic entropy are obtained from the following

equation for individual heat capacity.

DSM ¼
Z T

0

CPðT; l0HÞ � CPðT; 0Þ
T

dT: ð12Þ

The change in H leads to variations in specific heat

(DCp), which can be derived from the following

equation [57]:

Fig. 14 Relative cooling power as a function of H recorded for the La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15). The plot of Relative

cooling power as a function of H. The solid line presents the result of the fit conducted when RCP = aHb
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Table 3 -DSmax
M , Tc, and RCP values of LECSMO and the previously reported manganites

Sample H Tð Þ Tc Kð Þ �DSMax Jkg�1K�1
� �

RCP Jkg�1
� �

References

La0.75Eu0.05Ca0.1Sr0.1MnO3 2 T 264 K 2.87 110.38 This work

3 T 264 K 3.84 168.67 This work

5 T 264 K 5.39 282.20 This work

La0.70Eu0.10Ca0.1Sr0.1MnO3 2 T 226 K 2.31 119.81 This work

5 T 226 K 4.52 305.20 This work

La0.65Eu0.15Ca0.1Sr0.1MnO3 2 T 194 K 2.24 124.38 This work

5 T 194 K 4.35 323.15 This work

La0.8Sr0.1Ca0.1MnO3 5 T 280.67 0.52 13.412 [45]

Gd 3 T 294 K 7.10 410.00 [46]

Gd 5T 294 K 10.2 410 [47]

La0.9Sr0.1MnO3 5 T 118 K 2.16 306.59 [48]

Pr0.5Sr0.5MnO3 2 T 268 K 0.82 54.80 [49]

La0.6Eu0.1Sr0.3MnO3 2 T 343 K 1.55 69.00 [50]

La0.75Sr0.1Ca0.15MnO3 2 T 305 K 2.49 78.00 [51]

La0.85Eu0.05Sr0.1MnO3 5 T 121 K 1.95 268.11 [52]

La0.7Sr0.3Mn0.925Ni0.075O3 3 T 256 K 0.81 105.00 [53]

La0.7Sr0.3Mn0.875Ni0.125O3 3 T 180 K 0.71 47.00 [53]

La0.55Pr0.1Sr0.35Mn0.95Ti0.05O3 3 T 288 K 2.78 118.85 [54]

Pr0.75Bi0.05Sr0.1Ba0.1Mn0.96Ti0.04O3 5 T 275 K 3.66 162.00 [55]

La0.6Bi0.1Sr0.15Ca0.15Mn0.9Cu0.1O3 5 T 235 K 3.74 159.00 [56]

Fig. 15 Variation in the specific heat with T for the La0.8-xEuxCa0.1Sr0.1MnO3 (x = 0.05, 0.10, 0.15) in the range of 1–5 T
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DCp ¼ CpðT; l0HÞ � CpðT; 0Þ ¼ T
oDSMax

M ðT; l0HÞ
oT

:

ð13Þ

Figure 15 demonstrates that the DCp of the

LECSMO changes the sign from a positive sign to a

negative sign around Tc. As H increases, the magni-

tude of DCmax
p as well as DCmin

p has monotonicity.

Since both DSM and dM/dT are considered negative,

the situation’s total entropy drops during the mag-

netization process.

4 Conclusion

Polycrystalline powder samples of LECSMO were

prepared using the S–G method. The crystal structure,

magnetic properties, and magnetocaloric effect of

LECSMO were investigated. XRD analysis showed

that LECSMO is a rhombohedral perovskite structure

in the Pbnm space group. Scanning electron micro-

scope observed an irregular ellipsoidal distribution of

LECSMO particles. Magnetic measurements demon-

strated that the PM–FM transition occurs near Tc and

that Tc reduces as the amount of Eu3? doping rises.

Both the method based on the Arrott curve and the

normalized curve confirmed that LECSMO undergoes

a second-order phase transition near Tc. With a pro-

gressive addition of Eu3? doping, the �DSmax
M of

LECSMO is reduced, but the RCP gradually increases.
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