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Introduction

Manganites of general formula Tr1-xDxMnO3 (in which Tr is a rare earth ion and D is an alkaline earth or alkaline ion) are very attractive due to their potential technological applications such as magnetocaloric cooling devices and magneto-electronic technology [1].

The magnetocaloric effect (MCE) is defined as a typical property of magnetic materials consisting of an adiabatic variation of temperature due to variations of external magnetic field [2,3]. The nature of magnetic properties of manganites depends principally on the existence of a mixed-valence state Mn 3+ / Mn 4+ . Ferromagnetic (FM) and antiferromagnetic (AFM) interactions, which results from Mn 3+ -Mn 4+ , Mn 3+ -Mn 3+ , and Mn 4+ -Mn 4+ ion pairs, respectively, are driven by the latter. An electron transfer that occurs between neighboring ions Mn 3+ and Mn 4+ through the oxygen anion O 2-explains the double exchange (DE) model [4]. Therefore, these electrons' spins are parallel, causing a ferromagnetic metal transition.

Numerous investigations as reported in the literature have shown significant MCE values for selected manganites near room temperature [5; 6]. Among these manganites, LaMnO3 is defined as an antiferromagnetic insulator (AFI) characterized by a super-exchange coupling (SE) between Mn 3+ ions [7]. Substituting the Asite or the B-site can easily influence the properties of such manganite, as reported in the literature [8,9]. Ferromagnetic metallic properties of new manganites found origin from a partial substitution of La 3+ by divalent ions such as Ca 2+ , Sr 2+ , Ba 2+ , etc, as explained by the Zener theory (double exchange). In comparison, La0.7Ca0.3MnO3 exhibits a higher magnetocaloric effect (MCE) as compared to La0.7Sr0.3MnO3, but with a reduced Curie temperature below room temperature. Doping Ca manganites with low amounts of Sr raises the Curie temperature towards ambient temperature, resulting in a significant advance toward magnetic refrigeration based applications, but at the cost of a smaller MCE [10].

Whereas

(x = 0.2, 0.33) has a larger magnetic entropy change compared to gadolinium [11], while its Curie temperature (TC) is 251 K, lower than 294 K for Gd [12],

which makes it a promising material for magnetic refrigeration at room temperature.

Furthermore,

. . has significant magnetocaloric properties [13] with TC=346 K for x = 0.25 [14]. Significantly, increasing Sr in the compound decreases Tc closer to room temperature [15]. Substitution of A site by Sr and Ca ions affects Tc, due to the difference between the ionic radii of the two ions [16].

In the present study, we investigated the effect of A-site substitution on the.structural, magnetic, and magnetocaloric.properties of.La0.67Ca0. 

Materials and methods

Sr-doped manganites.La0.67Ca0.33-xSrxMn0.98Fe0.02O3 with (x = 0.15; 0.2.and 0.3) have.been synthesized in.air via the sol-gel method using C6H9LaO6, H2O, C4H6CaO4,H2O, N2O6Sr, C4H6MnO4, 4H2O and Fe2O3 precursors. The Stoichiometric amounts of precursors were diluted in distilled water to obtain a mixed solution. Afterwards, a hot plate on which the solution was heated with stirring equal to 90 °C. After complete dissolution of the precursors, the citric acid (used as complexation agent for the various metal cations) was inserted with an adequate amount. Molar ratios between the precursors and citric acid were adjusted to 1:1.

The pH of the solution was changed towards 7 with ammonia addition. Subsequently, stoichiometric quantities of ethylene glycol were mixed with the solution (employed as a polymerization agent) in order to improve our sample preparation and gel transfer. The gel drying was done up to about 100 to 140 °C to have a dry foam. The produced powder produced was annealed at 600°C for 5 hours. Subsequently, the resulting final compound was compacted to pellets and later sintered over 24 at 1000°C to improve crystallinity.

To characterize our compounds, we performed phase purity measurements with (XRD) X-ray powder diffraction, about ambient temperature, employing a "Panalytical X pert

Pro" using Cu-Kα radiation (λ ≈ 1.7889 Å). Results were obtained with 2Ө ranging between 15° and 90°, with a step size of 0.009°. Morphological analysis and energy spectrum of the compounds were performed by using a Field Emission Scanning Electron Microscope (SEM) coupled with an Energy Dispersive Spectrometer (EDX). In addition, X-ray mapping was realized with the same instrument (SEM). Magnetization was measured using a MPMS-XL SQUID magnetometer, operating in 5 K -400 K temperature range with application of an external magnetic field reaching until 5 T.

Results and discussion

X-ray diffraction analysis

Figure 1(a) shows the X-ray powder diffraction patterns of polycrystalline samples La0.67Ca0.33-xSrxMn0.98Fe0.02O3for (x=0.15; 0.2 and.0.3). From the obtained results, all the compounds have a single phase without any detectable secondary phase. The data have been refined using the standard Rietveld method using Fullprof software [17; 18; 19]. At room temperature, we have indexed the XRD data corresponding to x = 0.15 within a rhombohedral structure with Pnma spatial group. Inside the crystal lattice, La/Ca/Sr take 4c (x, 0.25, z)

Whycoff atomic positions, Mn/Fe are at positions 4a (0, 0, 1/2), O1 are at positions 4c(x, 0.25, z) and O2 8d (x, y, z). For x = 0.2 and x = 0.3 samples, the crystalline rombohedral structure has evolved to R3 c spatial group. Within this crystalline structure, La/Ca/Sr are located at Whycoff's atomic positions 6a (0, 0, 0.25), Mn/Fe are present at positions 6b (0, 0, 0), O occur at positions 18e (x, 0, 0.25). Figure 1(b) shows the Rietveld refinement patterns of x = 0.2 sample, the results of the Rietveld refinement being reported out in Table 1. A change of the crystal structure of the samples from a low symmetric orthorhombic to a high symmetric rombohedral structure due to the increased Sr content can be seen in Table 1. This can be explained by a larger ionic radius of Sr 2+ (1.44 Å) as compared to Ca 2+ (1.34 Å), increasing the tolerance factor (t), which is defined as [20]: Where &, and values are the average ionic radii of A-site, Mn ions and oxygen ions, respectively. The structures can then be classified according to the values of the tolerance factor.

= √"# $% ) (1) 
If the corresponding value is equal to 1, the system has an ideal cubic structure.

Rhombohedral distortions are shown, if the value of t changes between 0.96 and 1. If t is less than 0.96 [21], the Orthorhombic distortions appear. In our case, the values of tolerance factor calculated for the La0.67Ca0.33-xSrxMn0.98Fe0.02O3 for (x=0.15; 0.2.and 0.3) samples.are equal to 0.9737, 0.9755 and 0.9790, respectively, so, an agreement with a rhombohedral structure.

Based on linewidth of the most intense peaks, we calculated the size of the crystallites (D), according to the following Scherrer equation [START_REF] Taylor | X-ray Metallography[END_REF]:

' = () *+,-. (2) 
Where the constant K is related to the crystallite form size (K = 0.9), so-called shape factor), β being the full width at half maximum (FWHM), where λ represents the X-ray wavelength (λ = 1.5406 Å) and θ being the Bragg diffraction angle of the most intense peak (104). During the calculation of FWHM, the instrumental broadening factor was considered (#/ = 0#/ 1- " -/ 23- " ) ). After, the average crystallite sizes of our compound La0.67Ca0. 

Scanning electron microscope (SEM)

Figures 2 (a-c) show the SEM micrographs of nanoparticles of the compounds. The grain size increases gradually from 0.41 μm (for x = 0.15) up to 0.79 μm (for x = 0.3) (see insets of Fig. 2). In addition, it exhibits a homogeneous microstructure with a uniform particle size distribution. Compared with section 3.1, the observed grain sizes by SEM are larger than those calculated by Scherrer's formula. This can be explained by the fact that each particle observed by SEM is formed by several crystallized grains.

The elemental mapping show the presence of elements La, Ca, Sr, Mn, Fe and O, on the surface of nanoparticles with a homogeneous distribution, as illustrated in Fig. 2.

The mean particle size was evaluated by using Digimizer and the resulting values were fitted with the following log-normal relation [START_REF] Aslibeiki | [END_REF]24]:
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Where the values ' and E represent the median diameter and data dispersion, respectively.

The determination of the mean diameter < ' >and standard deviation E : were derived from the results obtained by fitting through Eq. ( 3) and relations ( 4) and ( 5), thus the result is summarized in Table 2.

< ' >= ' <=> 7 The irreversibility between the ZFC and FC magnetization curves at 0.05 T is low and close to TC in all samples. This thermomagnetic irreversibility phenomenon arises from magnetic anisotropy, which results from the difference between measuring FC and ZFC on polycrystalline samples. Under TC temperature, the magnitude of ZFC magnetization will be dependent on anisotropy, and consequently a greater difference between FC and ZFC magnetizations will be present for highly anisotropic samples. Which means that the irreversibility between FC and ZFC magnetizations in ferro and ferrimagnetic systems are the result of their magnetic anisotropy and not of Spin Glass behavior. This phenomenon has been observed in many ordered magnetic systems [START_REF] Mydosh | Spin Glasses-an Experimental Introduction[END_REF][START_REF] Maignan | [END_REF].
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Magnetic properties

In figure 3 (b), we plotted the inflection point of dM/dT from which we have determined all the values of TC (TC = 329, 230 and 350 K for x = 0.15, 0.2 and x = 0.3, respectively), (For more information, refer to Table 2). Following the increase of Sr content, Curie temperature TC increases gradually due to the continuous structural distortion through the Sr perovskite structure. As evidenced by the increase of A-site, disorder σ2 and average ion radius <rA> increases progressively. From M (T) curves, we deduce the inverse of susceptibility, which obeys the Curie Weiss-Law [27; 28]:

χ#L) = M #N θ O ) (6) 
From the interception of the curve 1/χ with the temperature axis, the Curie-Weiss temperature (θp) was deduced, and, the Curie constant (C) was established from the slope of the linear 1/χ vs. T curve Fig. 3 (c). Based on the Curie constant, we determined the values of the effective paramagnetic moment (μ QRR Q S ) according to the following relation [27; 29]:

T QRR Q S = 0 MU V W X Y T Z (7) 
Where T Z = 9.274 × 10 " &. a " is the the Bohr magneton; Na=6.022×10 23 mol -1 is the Avogadro number; kB = 1.380649×10 -23 J k -1 is the Boltzmann constant; and Mm represents the molecular mass. Nonetheless, the determination of theoretical effective moments in units of Bohr magneton of La0.67Ca0.33-xSrxMn0.98Fe0.02O3 was performed using the following formula [30]:

μ QRR bcQ = 00.63 × μ QRR " # ) + 0.35 × μ QRR " # g ) + 0.02 × μ QRR " #h< " ) (8) 
Where μ QRR bcQ = 6.70 μ Z for Fe 2+ , μ QRR bcQ = 4.90 μ Z for Mn 3+ and μ QRR bcQ = 3.87 μ Z for Mn 4+ [31].

The values of TC, θp, μ QRR bcQ and μ QRR Q S are summarized in Table 2. The positive values of θp confirms the ferromagnetic behavior of all samples, and the decrease of θp with x follows the TC tendency. We also note a certain difference in values of theoretical and experimental effective moments. The reason for this difference lies in the presence of a short-range temperature at μ0H = 0.05T. magnetic order in the paramagnetic state, which is widely found in polycrystalline manganites. In order to understand the magnetic behavior of our compounds, the variation of the magnetization depending on the magnetic applied field is shown in Figs. 4(a-c) for different temperatures. At low temperatures, the ferromagnetic behavior of our samples is validated, with a strong increase of magnetization for the low values of H followed by a plateau-like behavior for fields above 1 T. Nevertheless, at high temperature, M (H) curves become linear, which corresponds to paramagnetic behavior of these materials. In order to check the order of the FM -PM transition, Figures 4(d-f) display the Arrott plots for x = 0.15, x = 0.2 and x = 0.3 at the temperatures between 280 to 385 K. In the high field region, a positive slope is observed for all compounds, indicating that the magnetic transition is of second-order type according to the Banerjee criterion [32]. Such criterion has also been used for other manganites [33].

In Fig. 5(a), we presented the hysteresis cycles at 10 K for La0.67Ca0.33-xSrxMn0.98Fe0.02O3 compounds. The magnetization curves are quite similar with a small hysteresis loop, the ferromagnetic state at lower temperature being confirmed by the saturation of M at around µ0H = 0.5 T. The values of the saturation magnetization (MS) determined at 10 K are 92.14 and 94.49 and 88.75 emu/g, for x=0.15, 0.2 and 0.3, respectively. A zoom of the central portion of the M(µ0H) curves in a low magnetic field value is shown in Figs. 5 (b-d) for the different compositions. The T k M values are 73×10 g T, 60× 10 g T and 63× 10 g T, for

x = 0.15, 0.2 and 0.3, respectively. The Mr values are 3.96, 2.71 and 4.83 emu/g, for x = 0.15, 0.2 and 0.3, respectively. Therefore, a typical soft FM behavior is found for our materials, with low values of coercive field (T k M ) and remanant magnetization (Mr). Our compounds can then find application for writing and reading process in high-density registration media or storage of information [34].

In the following, we calculate the magneto-crystalline anisotropy, which is an intrinsic property of materials, and plays a significant role in coercitivity [35]. The determination of the anisotropy constant (Ka) is based on Stoner-Wohlfarth's theory, from Eq. 6 [36]:

μ k M = #0.98 × l )/ - (9) 
Where Ka values are 0.686 J.m -3 , 0.578 J.m -3 and 0.570 J.m -3 , for x = 0.15, 0.2 and 0.3, respectively. The remanence ratio (R) was calculated according to Eq. 7:

= / - (10) 
We obtained R values of 0.043 and 0.028 and 0.054 for x = 0.15, 0.2 and 0.3, respectively.

These low remanence ratios verify that the magnetic properties of our materials are isotropic [37].

Magnetocaloric properties

By definition, the magnetocaloric effect (MCE) is an intrinsic property of magnetic materials.

It represents the material's reaction to the application or suppression of magnetic field [38].

Based on the thermodynamic theory, MCE is derived from Maxwell thermodynamic relation [START_REF] Morrish | The Physical Principles of MagnetismWiley[END_REF]:

7 mn m#o C p) ; N = # m mN ) o C p (11) 
The magnetic entropy change ∆ , resulting from the spin ordering and caused by the change of the applied magnetic field between 0 and Hmax, can be calculated using the following equation:

q #L, μ k) = #L, μ k) -#L, 0) = s # m mN ) o C p t #μ k) o C p WYu (12) 
The calculation of the isothermal magnetic entropy change of our compounds at various temperatures near TC, was performed by approximating equation Eq. ( 12) with the following functional equation [START_REF] Foldeaki | [END_REF]:

-∆ #L, ∆μ k) = ∑ wxy #N wxy ,o C p wxy ) w #N w ,o C p w ) N wxy N w 2 (13) Where 2 and 2 represent the experimental measured magnetization values at L 2 and L 2 , respectively, under an applied magnetic field fixed μ k 2 .

Using the initial magnetization isothermals versus the applied magnetic field, the magnetic entropy change (∆SM) was calculated for the three specimens versus temperature for various applied magnetic fields. The results are presented on the three-dimensional (3D) images in Figures 6 (a Obtained values of the maximum of ∆SM (see table 3) are higher than those reported for other manganites, such as La . Ca . MnO [43], indicating that our materials are very interesting for magnetocaloric applications above room temperature [44].

The magnetic refrigeration performance provided by the materials is also dependent on the relative cooling power (RCP) that is calculated based on [START_REF] Gschneidner | Magnetocaloric Materials[END_REF]:

€ = |∆ | × 'L ƒ"p (14) 
Where 'L ƒ"p is the total width at half-maximum δFWHM of the thermal evolution of ∆SM. The 'FWHM and RCP values for the La0.67Ca0.33-xSrxMn0.98Fe0.02O3 sample have a linear dependence with the applied magnetic field [Fig. 6 (e)]. Subsequently, we use Landau's second-order phase transition theory for explaining the magnetic entropy change [START_REF] Landau | Statistical Physics[END_REF], assuming a mean field approximation. We can then express the Gibb's free energy as follows:

'# , L) = ' + "#N) " " + Z#N) g g + M#N) + ⋯ -T k (15) 
Where A (T), B (T) and C (T) represent the temperature dependent parameters, which contain the electron-electron interaction and the magnetoelastic coupling information [START_REF] Amaral | [END_REF]. The magnetic equation of state is derived from energy minimization in the following equation:

μ k = &#L) + •#L) + #L) - (16) 
From experimental isothermal magnetization measurements, the A(T), B(T) and C(T) parameters are originating from polynomial fit of M versus µ0H. In this case, we can then compute the magnetic entropy by differentiating the magnetic part of free energy:

#L, k) = -7 mƒ mN ; p = - " & -#L) " - g • -#L) g --#L) (17) 
Where & -#L),• -#L) and ′#L) are the derivatives of the Landau coefficients. 

Conclusion

In summary, the structure, magnetic and magnetocaloric properties of La0.67Ca0.33- around TC, a second order magnetic phase transition is evidenced. The values of (-∆ )

under an applied magnetic field of 5 T are around 4.889, 4.712 and 3.355 J.kg -1 .K -1 for x = 0.15, 0.2, and 0.3, respectively. In addition, we have established the relative cooling power RCP which ranges from 180.952 and 178.610 J kg -1 . The high magnetocaloric performance of our produced samples, with magnetic phase transition temperature just above room temperature, make these materials ideal candidates for magnetic refrigeration close to ambient.

Fig. 1 :

 1 Fig. 1: (a) XRD Powder Model for.La0.67Ca0.33-xSrxMn0.98Fe0.02O3 (x = 0.15, 0.2 and.0.3) compounds.at room temperature. (b) Experimental (open symbols) and calculated (solid lines) XRD data for La0.67Ca0.33-xSrxMn0.98Fe0.02O3 (x=0.2). Vertical bars mark positions for the

Figure 3 (

 3 Figure 3(a) displays the dependence of M-T curves at field-cooled (FC) and zero-fieldcooled (ZFC) for La0.67Ca0.33-xSrxMn0.98Fe0.02O3 for (x0= 0.15; 0.2 and.0.3), under an applied field value of 0.05 T. The values of magnetization are quite stable at temperatures below 290 K for x = 0.15, 295 K for x = 0.2 and 300 K for x = 0.3, and vanish at temperature close to the critical temperature, TC. Therefore, a clear magnetic transition from ferromagnetic to paramagnetic state appears in all samples [Fig. 3(a)].

Fig. 2 :

 2 Fig. 2: Scanning electron micrographs for.La0.67Ca0.33-xSrxMn0.98Fe0.02O3 (x.= 0.15, 0.2.and.0.3).samples. Particle size distribution of the corresponding sample. EDX mapping of La, Ca, Sr, Mn, Fe and O elements.

Fig. 3 :

 3 Fig. 3: (a) Variations of ZFC and FC magnetization as a function of temperature for La0.67Ca0.33-xSrxMn0.98Fe0.02O3(x.= 0.15, 0.2 and 0.3) samples exposed to a magnetic field strength of 0.05 T. (b) Field cooling curve differential (dM-dT) from which the phasetransition temperature TC was determined. (c) Inset shows the inverse of susceptibility vs.

Fig. 4 :

 4 Fig. 4: (a-c) Magnetic isotherms M (μ0H, T) for the samples La0.67Ca0.33-xSrxMn0.98Fe0.02O3. (x.= 0.15, 0.2 and..0.3). (d-f) Arrott plots M 2 versus (μ0H/M) for the samples La0.67Ca0.33-xSrxMn0.98Fe0.02O3.(x.= 0.15, 0.2.and 0.3).

Fig. 5 :

 5 Fig. 5: (a) The hysteresis loops of the La0.67Ca0.33-xSrxMn0.98Fe0.02O3(x = 0.15, 0.2 and 0.3) samples measured at 10 K temperature. (b-d) Zoom of hysteresis loops in low magnetic field regions at 10 K for the different x values.

  ), (b) and (c). The magnetic entropy change (∆SM) varies with the applied magnetic field and temperature, with a maximum value (∆ ) reached for a temperature close to TC. The evolution of ∆SM vs T for µ0H = 5 T is shown in Fig. 6 (d) for all compounds.

Fig. 6 :

 6 Fig. 6: (a, b and c) Temperature dependence of the magnetic entropy change at different amplitudes of the change in the applied magnetic field for the La . Ca . … Sr … Mn .ˆ‰ Fe . " O #x = 0.15, 0.2 and 0.3) samples. (d) Temperature dependence of the maximum magnetic entropy change -∆ at μ0H = 5T for the La . Ca . … Sr … Mn .ˆ‰ Fe . " O (x = 0.15, 0.2 and 0.3) compounds. (e) The relative cooling power RCP and the 'FWHM as a function of the variation of the applied magnetic field μ0H. (f) Experimental and theoretical magnetic entropy change #∆ ) at magnetic field of 5 T(x=0.15). (g) Variation of Landau coefficients A(T), B(T) and C(T) versus temperature.

  The theoretical -∆ values calculated from A(T), B(T) and C(T) parameters using Eq.[START_REF] Young | The Rietveld Method[END_REF] show a good agreement with the experimental values [Figs. 6 (f-g)].

  xSrxMn0.98Fe0.02O3 manganites have been investigated for (x=0.15; 0.2 and 0.3). The crystal structure of all samples was obtained from Rietveld's refinements of the X-ray diffraction spectra. The x = 0.15 compound exhibits an orthorhombic structure with the Pnma space group, whereas the structure of x = 0.2 and x = 0.3 compounds is rhombohedral with the R3 c space group. All compound have soft ferromagnetic properties with a Curie temperature increasing from 329 K to 350 K as Sr content inscreases. From the Arrott plots (M 2 vs. H/M)

Table 1 :

 1 Results of the Rietveld refinement of the La0.67Ca0.33-xSrxMn0.98Fe0.02O3 polycrystalline. Bragg reflection. Differences between the observed and the calculated intensities are shown at the bottom of the diagram.

	Parameters	x = 0.15	x=0.2	x=0.3
	Symmetry	Orthorhombic	rhombohedral	rhombohedral
	Space group	Pnma	R3 c	R3 c
	a (Å)	5.449(9)	5.484(1)	5.496(4)
	b (Å)	7.734(9)	5.484(1)	5.496(4)
	c (Å)	5.492(6)	13.310(8)	13.350(0)
	V (Å 3 )	231.537(4)	346.687(1)	349.275(9)
	Atoms position			
	La/ Ca/Sr			
		X 0.0183(7)	0.0000(0)	0.0000(0)
		Y 0.2500(0)	0.0000(0)	0.0000(0)
		Z 0.0029(4)	0.2500(0)	0.2500(0)
	Mn/Fe			
		X 0.0000(0)	0.0000(0)	0.0000(0)
		Y 0.0000(0)	0.0000(0)	0.0000(0)
		Z 0.5000(0)	0.0000(0)	0.0000(0)
	O1			
		X 0.4056(7)	0.5421(0)	0.5513(7)
		Y 0.2500(0)	0.0000(0)	0.0000(0)
		Z 0.0957(7)	0.2500(0)	0.2500(0)
	O2			
		X 0.3001(1)	-	-
		Y -0.0057(4)	-	-
		Z 0.7754(3)	-	-

33-xSrxMn0.98Fe0.02O3 for (x=0.15, 0.2 and.0.3 are equal to 41.9 nm, 42.4 nm and 44.3 nm respectively.

Table 2 :

 2 Crystallite and particle size of the samples.

	Sample	Dxrd(nm)	DSEM (µm)	E : (µm)
	x = 0.15	41.9	0.41	0.39
	x = 0.2	42.4	0.68	0.41
	x = 0.13	44.3	0.79	0.69

Table 2 :

 2 Temperature of transition L + , temperature of Curie-Weiss j, experimental μ QRR

	Q S

Table 3 .

 3 Summary of the magnetocaloric properties of La0.67Ca0.33-xSrxMn0.98Fe0.02O3 compared with other various magnetic materials.

	Composition References	-∆	#™. lš . › )	RCP #™. lš )
	La . Ca . ‰ Sr . -Mn .ˆ‰ Fe . " O	∆k = 5L 4.889	181	This work
	La . Ca . Sr ." Mn .ˆ‰ Fe . " O	4.712	204	This work
	La . Ca . Sr . Mn .ˆ‰ Fe . " O	3.355	179	This work
	Gd	9.500	410	[41]
	La . Ca . Sr ." MnO	6.970	369	[42]
	La . Ca . MnO	2.06	175	[43]
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