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The Effect of Cr-doped on Structural, Magnetic and 

Magnetocaloric Properties of La0.8Sr0.15Na0.05Mn(1-x)CrxO3 

(x=0.00, 0.15 and 0.20) Compounds 

Nadia Zaidi1,2 , Salha Khadhraoui2,3  and Ahlem Cherif 1  

The physical properties of manganite oxides La0.8Sr0.15Na0.05Mn(1-x)CrxO3 synthesized by solid-solid method 
were studied in details. X-ray diffraction analyses showed a single rhombohedral phase with R�̅�c space 
group. The inhomogeneous magnetic comportment coupled was used to explain the magnetic properties 
and the evolution of the paramagnetic-ferromagnetic transition of the materials. The maximum values of 
magnetic entropy change (ΔSMax) decreased from 5.77 J/Kg K for La0.8Sr0.15Na0.05MnO3 to 5.12 J/Kg K for 
La0.8Sr0.15Na0.05Mn0.8Cr0.2O3, upon an applied magnetic field of µ0H=5 T, indicating an excellent quality of our 
samples as compared to many manganite oxides. The high quality of our samples was also checked by the 
large relative cooling power (RCP) which provides a good performance for industrial technologies in 
refrigeration device. 

 

1. Introduction            

Mixed oxides ReAMn1-xTxO3 of the perovskite 
type where Re is a rare earth, A a monovalent cation 
(K+, Na+, Li+), divalent (Sr2+, Cd2+, Ba2+) or trivalent 
(Pr3+, Nd3+, Dy3+) and T presents the transition 
metals (Fe, Ru, Cr), that have recently been the 
subject of numerous studies. Indeed, these 
compounds exhibit a variety of phases and very 
interesting physical properties, such as 
magnetoresistance and magnetocaloric effect 
(MCE). This MCE-based technology has brightened 
the horizon of refrigeration as it is more energy 
efficient and environmentally friendly than 
conventional gas expansion/compression 
refrigeration technology [1, 2]. More precisely, the 
MCE can be quantified by the magnetic entropy 
change (-∆SM). Its peak is generally located near the 
ferromagnetic-paramagnetic (FM-PM) transition 
temperature (Curie temperature, TC) [3, 4]. 
Magnetic refrigeration, based on MCE can replace 
conventional refrigeration systems, which consume 
a lot of energy and pollute the environment. Several 
studies have suggested manganese oxides as 
potential candidates for a possible application in 
this field. Additional studies are therefore necessary 

to optimize the structural, magnetic and electrical 
properties of these oxides [5]. 

The particular properties of these perovskite-
type manganese oxides result from the fact that they 
lie between a paramagnetic-semiconductor state 
and a metallic ferromagnetic state [6]. Partial 
substitution of the rare earth (Re) ions by a divalent, 
monovalent ion or a stoichiometric defect results in 
the oxidation of the Mn3+ ion to Mn4+. This mixed 
oxidation of Mn is the basis for the various changes 
in the physical properties of these oxides. In 
particular, structural and magnetic transitions due 
to slight distortions of the structure are frequently 
encountered. In fact, there are other factors that 
have a significant impact on the properties of these 
materials such as the production method, the 
temperature, the duration of annealing and the size 
of the elements occupying the different sites (A or 
B) [7, 8]. 

In terms of the crucial role of Mn site, it would 
be interesting and worthwhile to study the effects of 
Mn-site element substitution, which may provide 
clues for exploring novel MCE materials and 
concerning the mechanism of MCE. Within this 
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framework, the effect of substituting trivalent ions 
such as Fe, Ni and Sc for Mn3+ ions in the B site on 
the ferromagnetic properties of these manganites 
has been studied [9]. It was experimentally found 
that any modification on the exchange interaction 
causes the reduction in Curie temperature TC. 
However, differently from the common ionic 
substitution, Cr doping in manganites has a peculiar 
effect and is attracting more attention. A slight 
substitution of Cr for Mn ions favors the formation 
of the ferromagnetic metal (FMM) states [10]. 

La0.8Sr0.15Na0.05O3 is one of the perovskite 
compounds which possess physical properties [11]. 
Potential applications, particularly magnetic 
refrigeration (MR) require a transition temperature 
TC close to room temperature. This can be achieved 
by an appropriate amount of oxygen stoichiometry 
or by the substitution of Mn by a non-magnetic or 
magnetic cation. So, to decrease the critical 
temperature and enhance the physics properties of 
the parent compound La0.8Sr0.15Na0.05O3, we made a 
substitution of Chromium (Cr) for manganese (Mn). 
Then, we investigated the effect of this substitution 
on the physical properties of La0.8Sr0.15Na0.05O3. 

 

2. Results and Discussion 

2.1. Scanning electron microscopy and energy 
dispersion spectroscopy 

Polycrystalline samples of La0.8Sr0.15Na0.05Mn1-

xCrxO3 series with (=0.00, 0.15 and x=0.20) were 
prepared by conventional solid state ceramic 
processing. High purity (99.99 %) starting 
compounds La2O3, Cr2O3, MnO2, Na2O and SrCO3 
were taken in stoichimetric proportions. Care was 
taken to remove moisture before weighing by 
preheating the precursors at 873 K for 12 h. The 
mixtures were heated in air at 1073 K for 24 h to 
achieve decarbonization. After grinding, they were 
heated at 1373 K for 48 h and ground again to 
ensure homogeneity. The intermediate steps of 
cooling and mechanical grinding were repeated in 
order to achieve accurate homogenization and 
complete reaction. The powders were pressed into 
pellets and sintered at 1673 K for 72 h under an 
Ar/H2 (5%) atmosphere with several intermediate 
grinding and repulsions. Finally, these pellets were 
quenched to room temperature. The elemental 
composition and the homogeneity of the samples 

were studied by X-ray microanalysis (energy 
dispersion spectroscopy, EDS) coupled with a 
Scanning Electron Microscopy (SEM). An example of 
the EDS spectrum obtained for the x = 0.2 sample is 
shown in Figure 1. The characteristic peaks of the 
chemical elements (La, Sr, Na, Mn, Cr and O), were 
clear, which confirms the presence of all the 
elements introduced during the preparation.  

 

Figure 1. Spectra Obtained by Analysis by EDS and 
Micrograph for the Compounds La0.8Sr0.15Na0.05Mn 1-

xCrxO3 Compounds (x = 0.2). 

The SEM photo of La0.8Sr0.15Na0.05Mn 1-xCrxO3 
(x=0.00, 0.15 and x=0.2) compounds (Figure.2) 
shows strongly bonded polycrystalline grains with 
very negligible porosity. For all samples, we can see 
that the grains exhibit spheroid-like shapes and a 
good connectivity between each other. This 
facilitates the intrinsic behaviors, because good 
current percolation between grains and the opening 
up of conduction channels do not block the ordering 
of the Mn spins. The grain size was calculated using 
the intercept technique. We draw a random straight 
line through the micrograph and count the number 
of grain boundaries that intersecting this line. The 
average grain size was calculated by dividing the 
number of intercepts by the actual line length. 
Furthermore, the grain size decreased with the 
addition of Cr content in LSNMCr0.2 and averaged 
153.2 nm compared to 144.3 nm grain size of the 
LSNMCr0.00 samples. Cr substitution reduced the 
grain size and the density because of the chemical 
diffusion of covalent ions to optimize the 
compositional homogeneity. 
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x =0.20 

Figure 2. The SEM photo of La0.8Sr0.15Na0.05Mn 1-xCrxO3 (x=0.00, 0.15 and x=0.2) compounds. 

2.2. Determination of Grain Size 

We calculated the average grain size Dsc using the 
following Scherrer's formula [12-14]; 

 𝐷𝑠𝑐 =
0.9𝜆

𝛽 cos 𝜃
                                                            (1) 

where λ is the wavelength of x-radiation, ϴ is Bragg 
angle for the most intense peak (104). 𝛽 =

√𝛽𝑚
2 − 𝛽𝑠

2, βs corresponds to the most intense peak 

of silicon serving as a standard and βm is the width 
at half height of the peak (FWHM). 

Table 2. The Average Grain Sizes Obtained by 
Scherrer's Formula and by SEM, Variation of the 
tolerance factor as a function of the mean radii <rA> 
and <rB> for different substitution rates x. 

x 0 0.15 0.2 

β (10-3) rad 2.95 2.88 2.82 
2θ (°) 32.69 32.701 32.711 

DSC (nm) 48.44 47.89 47.22 
DSEM (nm) 153.171 148.75 144.32 
≺ 𝑟𝐴 ≻(Å) 1.2373 1.2373 1.2373 
≺ 𝑟𝐵 ≻ (Å) 0.626 0.619 0.608 

t 0.927 0.91 0.904 
D (nm) 49 48.42 48.06 

Strain (δ) 0.146 0.147 0.148 

We noticed that the grain size decreased with the 
increase in the substitution rate x. The values of 
grain size observed by the SEM were higher than 
those observed by Scherrer's formula. This 
difference can be explained by the fact that each 
particle observed by the SEM is made up of many 
granules [15]. Scherrer's formula currently remains 
the most significant [16]. According to Table.1, the 
tolerance factor t decreased slightly when the mean 
radius increased, that is, when the rate of 
substitution of Mn3+ by Cr3+ increased. Therefore, 
we expected, rhombohedral or orthorhombic 
structural deformations for these compounds. 
 
2.3. Structural characterization of materials by 
X-ray diffraction (XRD) 

The X-ray diffraction measurements of the raw 
data on the samples prepared in the form of 
crystalline powder were carried out in the X-ray 
department of the Borj Cédria technopole using an 
automatic two-circle powder diffractometer 
«Panalytical X’Pert PRO Systems» equipped with a 

cobalt anticathode (𝜆𝑐𝑜𝑏𝑎𝑙𝑡 = 1.789 Å). The 
diffractograms were recorded in (Bragg –Brentano) 
mode in the angular domain: ranging from 90° ≤ 2θ 
≤ 110°. The X-ray diffraction diffractograms (Figure. 
3) showed rather fine and intense lines, which 
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implies the good crystallization of the synthesized 
samples.  Structural analysis was carried out by the 
Rietveld method [17] using the FullProf program 
(version 2009). This method is based on a 
minimization by the method of least squares of the 
difference between the observed and the calculated 
profiles of the powder diffractogram. The structure 
analysis was performed in the hexagonal space 
group R3̅c. The refinement results are illustrated in 
(Table.2). The different tuning factors determining 
the quality of treatment and controlling the results 
of adjustments are; the Rwp-weighted profile 
residual, the statistical test 𝜒2 of fit that tends to (1) 
for successful refinement, and the residual on RF 
structure factors. 

Table 3. Rietveld refinement results of 
La0.8Sr0.15Na0.05Mn 1-xCrxO3 (x=0.00, 0.15 and x=0.2) 
compounds. 

X 0 0.15 0.20 

Space group R3̅c 

a (Å) 5.5491 5.5342 5.5288 
c (Å) 13.4533 13.4421 13.4366 

V (Å3) 359.442 358.377 357.89 
Rwp (%) 3.40 3.11 3. 05 
Rp (%) 2.61 2.42 2.18 

RF 5.44 4.19 3.45 
χ2 (%) 1.52 1.43 1.33 

B (K-3/210-5) 1.92 1.26 1.04 
D (meV Å 2) 7.53 10.75 14.77 

Table 2 shows that the values of a and c as well 
as the volume of the crystal lattice decreased as a 
function of the substitution rate x for the 
La0.8Sr0.15Na0.05Mn1-xCrxO3 solid solutions. This 
change in volume V can be explained by the 
decrease in the arithmetic radius of the cations 
occupying the B site during the substitution of 
manganese (0.65 Å) by chromium with a smaller 
radius (0.64 (Å). Figure.3 shows the X-ray 
diffraction diffractograms obtained after 
refinement by the “Rietveld” method for 
La0.8Sr0.15Na0.05Mn1-xCrxO3(x=0.00, 0.15 and 0.20) 
compounds. The observed difference between the 
measured and calculated intensity is almost 
negligible except at the level of the most intense 
peak.  

Williamson-Hall approach was used to find 
close values, for deconvoluting size and strain 
contribution to the X-ray line broadening. According 
to this approach, the X-ray line broadening is due to 
the contribution from small crystallite size and the 
broadening caused by the lattice strain present in 
the material [18], i.e. 

 

 

                                                 (a) 

 

                                                (b) 

 

                                                (c) 

Figure 3. Refined Rietveld for La0.8Sr0.15Na0.05Mn1-

xCrxO3(x=0.00, 0.15 and 0.20) compounds. 

𝛽 = 𝛽𝑠𝑖𝑧𝑒 + 𝛽𝑠𝑡𝑟𝑎𝑖𝑛                                                               (2) 

Where 𝛽𝑠𝑖𝑧𝑒 =
𝑘𝜆

𝐷 𝑐𝑜𝑠 𝜃
 and 𝛽𝑠𝑡𝑟𝑎𝑖𝑛 = 4𝛿𝑡𝑎𝑛𝑔𝜃, 

where δ is strain 
𝛥𝑙

𝑙
, so 3 becomes 

𝛽 =
𝑘𝜆

𝐷𝑐𝑜𝑠𝜃
+ 4𝛿𝑡𝑎𝑛𝑔𝜃                                                        (3) 
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𝛽 𝑐𝑜𝑠 𝜃 =
𝑘𝜆

𝐷
+ 4𝛿𝑠𝑖𝑛𝜃                                                       (4) 

Where, 4δ is a measure of strain present in the 
lattice. By plotting 𝛽𝑐𝑜𝑠𝜃 vs. 4𝑠𝑖𝑛𝜃, we can find the 

crystallite size from the intercept (
𝑘𝜆

𝐷
) of this line on 

the y axis and the slope of the line gives the strain 
(δ). 

Strain measurements for all samples are plotted 
in Figure.4. The strain measured from the slope 
increased with increasing Cr doping, which 
indicates that strain increases as larger Cr ion 
accommodates in MnO3 matrix. The plots have 
shown a negative strain for La0.8Sr0.15Na0.05Mn 1-

xCrxO3 series with (x=0.00, 0.15 and 0.20) 
compounds. This may be due to the lattice 
contraction observed in the calculation of lattice 
parameters. The low value of lattice strain may be 
due to the fact that the synthesis procedure did not 
impose much constraint in the formation of 
compound as it is generally found in case of 
extensive ball milling technique, strained layer 
growth, etc. [15, 19]. The crystallite-size (D) and the 
strain (δ) for all samples are listed in Table.1. The 
crystallite size calculated in the present system 
using the Willam-Hall technique was larger than the 
crystallite size (DSc) because the broadening effect 
due to strain is completely excluded in Debye-
sheerer technique [20]. 

 

Figure 4. Variation of strain graph for 
La0.8Sr0.15Na0.05Mn 1-xCrxO3 for (x=0.00, 0.15 and 0.2) 
samples. 

2.4. Magnetic study 

The investigation of the magnetic properties 
measured in a magnetic field of 0.05 T confirmed 
that all samples exhibited simple FM/PM phase 
transitions, as shown in Figure 5. Curie temperature 
(TC) was determined at inflection point of dM/dT 
curves of the samples. The ferro-paramagnetic 
transition temperatures were 355 K, 285 K and 271 
K for x=0.00, 0.15 and x=0.20 respectively. It should 

be noted here that the magnetic transition 
temperature TC decreased upon increasing the 
substitution rate of Cr. This decrease was very slow, 
indicating that the ionic substitution of Cr 
systematically reduces the domain of 
ferromagnetism. Indeed, the substitution of Mn by 
Cr weakned the ferromagnetic interactions Mn3+- O- 
Mn4+, Mn3+- O- Cr3+, and enhanced 
antiferromagnetic interactions Mn3+- O- Mn3+, Mn4+- 
O- Mn4+, Cr 3+- O- Cr 3+. With the increase in the level 
of Chromium, the competition between the 
ferromagnetic interactions and the 
antiferromagnetic interactions increased, which 
decreased magnetization [21, 22]. 

 

Figure 5. Magnetization vs Temperature for the 
Compounds La0.8Sr0.15Na0.05Mn 1-xCrxO3 (x = 0.00, 
0.15 and 0.20) under the effect of a field of 0.05T. 

 

Figure 6. Temperature dependences of the zero-
field-cooled and field-cooled magnetization for 
La0.8Sr0.15Na0.05Mn1-xCrxO3 (x=0.00, 0.15 and x=0.2) 
compounds under applied magnetic field 0.05 T. 

Figure 6 shows the temperature dependence of 
the zero field-cooled (ZFC) and field-cooled (FC) 
magnetization for x=0.00, 0.15 and x=0.20 samples. 
As can be seen, all the samples undergo a transition 
from a ferromagnetic to a paramagnetic phase. It is 
clear that the ‘FC’ curves do not coincide with the 
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‘ZFC’ curves below TC. This seems very clear, 
especially for samples x=0.15 and x=0.20. However, 
the curves ‘FC’ and ‘ZFC’ curves have a common part 
for the high temperature, wherein the variation of 
magnetization with temperature is reversible and 
superposed. At low temperature, the behavior is 
irreversible with a divergence between ‘ZFC’ and 
‘FC’. The magnetic moment decreases gradually. 
Such irreversibility in the M-T data for the FC and 
‘ZFC’ measurements was observed in several 
manganite systems and it was suggested that this 
irreversibility is possibly due to the canted nature of 
the spins or to the random freezing of spins [23]. 

The low temperature thermal evolution of 
magnetization was fitted to Bloch’s T3/2 law. 
According to this law, the zero-field magnetization 
M(T) should have temperature dependence [24]:  

𝑀(𝑇,𝜇0𝐻)

𝑀(0,𝜇0𝐻)
= 1 − 𝐵𝑇

3

2                                                            (5) 

Where M(0, 𝜇0H) was obtained by extrapolating 
M(T, 𝜇0H) curves to T=0 K using a second- order 
polynomial and M(T, 𝜇0H) is the spontaneous 
magnetization at finite temperature. The prefactor 
B is a characteristic constant of the spin waves at 
low temperature, which can be written as [25]: 

B = 2.612
gμB

M(0)
(

KB

4πD
)

3/2

                                              (6) 

Where g ≈ 2 is the gyromagnetic ratio for electrons, 
µB is Bohr's magneton, KB is Boltzmann constant 
and D is the spin wave stiffness constant. The 
stiffness D is defined by spin wave dispersion 
relation [26]: 

E(q) = Δ + Dq2                                                          (7) 

Where E(q) is the spin wave energy, q is the wave 
vector and D is the gap arising from the anisotropy 
of the applied magnetic field. In our analysis we 
assume ∆=0. The curve Ln (1-M(T, μ0H)/M(0, μ0H)) 
vs. Ln(T) in the inset of (Figure. 7) was used to show 
that our compounds obey Bloch’s T3/2 law. It has 
predicted that the slope of the linear fit of this curve 
must be close to 3/2. The slopes were formed to be  
equal to 1.493, 1.435 and 1.415 for x= 0.00, x=0.15 
and x=0.20, respectively. Figure 7 shows the 
reduced magnetization M (T, μ0H)/M(0. μ0H) as a 
function of T3/2 for µ0H=0.05T (T ≤ 90K) for 
La0.8Sr0.15Na0.05Mn 0.85Cr0.15O3. The slope of the 
linear fit plot of the data M(T, μ0H)/M(0, μ0H) vs. 
T3/2 provided B values from which the values of the 
spin stiffness constant D were determined. The 
values of B and D are shown in Table. 2. This result 

shows that there is a spin-wave excitation in our 
samples. The obtained values of D are comparable 
to those found in the ground state of other FM 
insulating manganites such as La0.8Ca0.2MnO3 [27]. 
Moreover, they are in an excellent agreement with 
those reported for other polycrystalline manganites 
[28]. 

 

Figure 7. Plot of M (T, 𝜇0H) /M(0, 𝜇0H) vs. T3/2 of 
La0.8Sr0.15Na0.05Mn 0.85Cr0.15O3 at µ0H, The inset 
shows the variation of Ln(1- M(T, 𝜇0H)/M(0, 𝜇0H)) 
vs. Ln(T3/2) to determine the slope of the linear 
curve. 

2.5. Magnetocaloric Effect 

2.5.1. Determination of Magnetic Entropy 

The magnetocaloric effect is defined by the 
change in adiabatic temperature and the change in 
isothermal entropy. Our samples were 
characterized by means of magnetization 
measurements, which allow access to the entropy 
variation [21]. To determine the nature of the 
magnetic transition of the samples. Arrott's 
isotherms; µ0H/M were used as a function of M2 

around TC (Figure 8). According to the Banergie 
criterion [29]. The curve µ0H/M as a function of M2 
showed a positive slope, indicating that the 
ferromagnetic-paramagnetic transition is of the 
second order. These measurements allow to 
quantify the behavior of entropy as a function of 
temperature according to Maxwell's relation[30]. 

𝛥𝑆𝑀 (
𝑇1+𝑇2

2
) =

1

𝑇2−𝑇1
[∫ 𝑀(𝑇2, 𝜇0𝐻)𝜇0𝑑𝐻 −

𝜇0𝐻𝑚𝑎𝑥∫

0

∫ (𝑀(𝑇1, 𝜇0𝐻)𝜇0𝑑𝐻
𝜇0𝐻𝑚𝑎𝑥∫

0
]

 

                            (8) 
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Figure 8. Variation of 0H/M vs M2  for  La0.8Sr0.15Na0.05Mn 1-xCrxO3 (x = 0.00, 0.15 and 0.20) compounds.

This amounts, for each temperature, to 
calculating the air between two isotherms around 
the temperature in question over the desired field 
range divided by the temperature difference 
between these two curves. The maximum magnetic-
entropy value decreased from 5.77 J/kg/K for 
x=0.00 to 5.12 J/kg/K for x= 0.2 near their 
respective TC at 5 T. Figure.9 shows the variation of 
the magnetic entropy change as a function of 
temperature for La0.8Sr0.15Na0.05Mn 1-xCrxO3 (x = 
0.00, 0.15 and 0.20) samples determined under an 
applied magnetic field of 5 T. These curves revealed 
that the maximum of the magnetic entropy change 
(|𝛥𝑆𝑀

𝑚𝑎𝑥|) decreased when increasing Cr-
concentration. This change can be explained by the 
characteristic fusion of chromium atoms with the 
rest of the sample atoms as temperatures rise, 
resulting in a reduction the framework of the 
fluctuations of the magnetic moments interaction. 
In fact, Zener’s model [31] is strongly recommended 
to explain this property of the large magnetocaloric 
effect in manganites. Moreover, Guo et al. [34, 35] 
explain the large value of SM by the stronger spin- 
lattice coupling detected by a simultaneous 
variation of structural distortion and the magnetic 
transitions [31-33]. 

 

 

Figure 9. Variation of magnetic entropy vs 
temperature with different magnetic fields for the 
La0.8Sr0.15Na0.05Mn 1-xCrxO3 (x = 0.00, 0.15 and 0.20) 
compounds. 

Theoretically and experimentally [34, 35] there is 
relationship between 𝛥𝑆𝑀

𝑚𝑎𝑥  and H. Magnetic 
materials with second order transition obey 
𝛥𝑆𝑀

𝑚𝑎𝑥 =  −𝑘𝑀𝑠(0)ℎ2/3, where h is a reduced 
field[ℎ = (𝜇0𝜇𝐵𝐻)/(𝑘𝐵𝑇𝐶), k is a constant, Ms(0) is 
the saturation magnetization at low temperatures 
and S(0.0) is the reference parameter, Which is 
opposite to zero [34]. 𝛥𝑆𝑀

𝑚𝑎𝑥 as a function of h2/3 are 
plotted in Figure. 10. We are analyzed these results  
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Table 3. Comparison of 𝛥𝑆𝑀
𝑚𝑎𝑥and (RCP) for the compounds La0.8Sr0.15Na0.05Mn 1-xCrxO3  (x = 0.00, 0.15 and 

0.20) observed at TC under the effect of magnetic field μ0H = 5 T with some materials considered interesting 
in the application of magnetic refrigerators. 

 

and found that the sign of S (0,0) is negative, which 
is expected for second order magnetic transition 
(SOMT) [34]. The linear dependence of  𝛥𝑆𝑀

𝑚𝑎𝑥  
versus h2/3 implies the strong localization of 
moments and the second order transition in 
La0.8Sr0.15Na0.05Mn 1-xCrxO3 (x = 0.00, 0.15 and 0.20). 

 

Figure 10. Temperature dependence of magnetic 
entropy change -ΔSM

max versus h2/3 for 
La0.8Sr0.15Na0.05Mn 1-xCrxO3 (x = 0.00, 0.15 and 0.20). 
compounds.  

 

2.5.2. Determination of the relative cooling 
power (RCP) 

Relative cooling power, RCP, is defined as the 
amount of heat transferred from the hot source to 
the cold source in a refrigerator [21]. 

𝑅𝐶𝑃 = −𝛥𝑆𝑀
𝑚𝑎𝑥 × 𝛿𝑇𝐹𝑊𝐻𝑀                                               (9) 

For a 5 T field, the obtained RCP values were of 
the order of 298, 294 and 290, for x = 0.00, 0.15 and 
0.20 respectively. To better assess the applicability 
of our La0.8Sr0.15Na0.05Mn 1-xCrxO3 compounds in the 
application magnetic refrigeration, the values of 
|𝛥𝑆𝑀

𝑚𝑎𝑥| and RCP obtained for this series were 
compared with several materials having an 
acceptable TC and considered to be promising for 
this application (Table 3). Our compounds exhibited 
an accepted entropy change, which indicates that 
they could be considered as potential candidates for 
magnetic refrigeration. 

2.5.3. Dependence of Magnetic Entropy Change  

The magnetic field dependence on the magnetic 
entropy changes 𝛥𝑆𝑀  at a temperature T for 
materials obeying a second-order phase transition 
follows an exponent power law of the type [40, 41]: 
𝛥𝑆𝑀 = 𝑏(𝜇0𝐻)𝑛:   

n=
d lnΔSM

d ln H
=−

μ0H

ΔSM
(

∂M

∂T
)

H
                                             (10) 

Where b is a constant and the exponent n depends 
on the values of field and temperature. By fitting the 
data of 𝛥𝑆𝑀versus µ0H, we obtained the value of n as 
a function of temperature at different magnetic 
fields for example x=0.00, as depicted in Figure.11. 
From this figure, the exponent n was close to 1 in the 
FM regime and increased to 2 in the PM regime. The 
exponent n exhibited a moderate increase with 
decreasing temperature and took extreme values 
around Curie temperature of the existing phase, 
then sharply increased with increasing 
temperature. In a mean field approach, the value of 
n at Curie temperature is predicted to be 2/3 [40]. 

Composition Tc (K) μ0 ΔH 
|𝛥𝑆𝑀

𝑚𝑎𝑥| 
(J/Kg K) 

RCP 
(J/Kg) 

References  

La0.6Pr0.1Sr0.3MnO3 360 5 3.32 227.44 [35]  
La0.6Pr0.1Sr0.3Mn0.95Ru0.05O3 350 5 3.11 214.14 [35]  
La0.6Pr0.1Sr0.3Mn0.85Ru0.15O3 344 5 2.57 188.68 [35]  
La0.52Dy0.15Pb0.33MnO3 290 5 3.51 246 [36]  
Gd5 (Si2Ge2) 275 5 18.5 535 [37]  
La0.8Ba0.2Mn0.1Fe0.1O3 193 5 2.62 211 [38]  
La (Fe0.96Co0.04)11.9Si1.1 243 5 22.5 - [39]  
La (Fe0.94Co0.06)11.9Si1.1 274 5 20 - [39]  
La0.8Sr0.15Na0.05Mn O3 355 5 5.77 298 Our work  
La0.8Sr0.15Na0.05Mn0.85Cr0.15O3 285 5 5.25 294 Our work  
La0.8Sr0.15Na0.05Mn0.8Cr0.2O3 271 5 5.12 290 Our work  
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For manganites the exponent was roughly field 
independent and approached approximate values of 
1 and 2, far below and above the transition 
temperature respectively [41]. Then, the values of n 
around TC were 0.583, 0.604 and 0.612 for x=0.00, 
0.15 and 0.20 respectively, which confirms the 
probability of 3D Ising model and 3D Heisenberg 
model to describe our material. These values are 
similar to those obtained for soft magnetic materials 
containing rare earth metals [40, 41]. 

 

Figure 11. Change of specific heat of the sample as 
a function of temperature at different magnetic 
fields for x = 0. 00. 

3. Conclusion 

In this work, we synthesized solid solutions of 
La0.8Sr0.15Na0.05Mn 1-xCrxO3 (x = 0.00, 0.15 and 0.20). 
Then, we studied the influence of Cr substitution on 
the Structural, magnetic and magnetocaloric 
properties of our samples. The samples were 
prepared by the standard ceramic process. They 
showed single-phase and crystallized in a 
rhombohedral structure with R3̅c space group. TC 
decreased slowly by substituting Cr for Mn. We also 
found that the entropy changes and the relative 
cooling power during the phase transition 
decreased with the increase in Cr. These 
observations indicate that the existence of Cr 
weakens the ferromagnetism in the 
La0.8Sr0.15Na0.05Mn 1-xCrxO3 perovskite. Finally, we 
investigated the correlation between critical 
exponents and magnetocaloric effect. The values of 
n confirm the probability of 3D Ising model and 3D 
Heisenberg model to describe our material.  
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