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Abstract The effect of Cr doping on the structural,
magnetic and magnetocaloric properties of perovskite
manganites Lag75Srg,sMn;_,Cr,O; (x = 0.15, 0.20, and
0.25) has been investigated. Crystalline structure and
magnetic properties are investigated by using X-ray pow-
der diffraction and magnetization measurements, respec-
tively. All samples show a single phase and are found to
crystallize in the distorted thombohedral system with R3 ¢
space group. A monotonous change of Curie temperature
(Tc), from 314 to 253 K, is observed when content doping
increases. Substantial magnetic entropy change reaching
4.20 J/kg K is revealed. Relative cooling power was esti-
mated as well. It was found to reach 289, 323, and 386 J/kg
for x = 0.15, 0.20, and 0.25, respectively. Field depen-
dence of the magnetic entropy change showing the power
law dependence ASy o< (poH)" is also analyzed and
discussed.

1 Introduction

Perovskite manganites with a chemical formula of Ry_,.
A MnOj (R: trivalent rare-earth cation, A: divalent alkaline
earth cation) have been extensively investigated during the
last two decades, thanks to their immediate technological
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applications. They show attractive physical properties such
as giant magnetoresistance as well as magnetocaloric effect
(MCE) [1]. From refrigeration point of view, the conven-
tional refrigeration technologies based on the cycle of gas
expansion/compressed cooling mechanisms are expected to
be replaced by the environment friendly and more efficient
magnetic refrigeration in near future [1, 2]. Magnetic
refrigeration is based on the MCE. This latter results from a
system coupling magnetic moments under the influence of
an external magnetic field. It results in the cooling or
heating of the system. Currently, the development of this
technology is linked to research on materials presenting
optimal magnetocaloric properties [namely, large magnetic
entropy change (ASy) and relative cooling power (RCP) at
near room temperature]. Recently, an intensive interest in
perovskite-type manganese oxides Re;_.M,MnO; (Re:
rare-earth ions such as La3+, Pt , and Nd3+..., M:
divalent alkaline earth ion such as Ca2+, Sr2+, Ba’".. .) has
been prompted by the observation of substantial magnet-
ocaloric effect. Among these, perovskite manganites are of
special interest, as they are known to tune magnetocaloric
properties such as the transition temperature, magnetic
density as well as the coercive magnetic field. Such mag-
netic parameters are very sensitive to the substitution of
Mn by other 3d elements, because this substitution causes
the change of ratio of amount Mn**/Mn*" in these man-
ganites [3]. In addition, the magnetic properties of the
manganites’ phases are strongly affected by the Mn-O
bond length and Mn—O-Mn bond angle that are controlled
by the ionic radii of Re, Mn site ions and Mn3*/Mn** ratio,
which modifies the double-exchange (DE) and super-
exchange (SE) interactions [4, 5]. The magnetic and
transport properties of these systems are then determined
by the competition between DE and SE. In manganites, it is
possible to dope at both Re and Mn sites. Moreover, Re-
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site doping is known to control the Mn**/Mn*" ratio in the
material. Compared with Re-site doping, Mn-site doping is
more important because it does not only modify the Mn**—
0?"-Mn*" network but also brings the doped transition
metal ions. From a fundamental point of view, universal
curve for the magnetic entropy change for second-order
transition materials has recently been reported [6]. It can be
constructed using a phenomenological procedure, which
does not require the knowledge of either the equation of
state or the critical exponents of the material. In order to
establish a relationship between the exponent (n) and the
critical exponents of the material, field dependence of
entropy change (follows a power law A4Sy, oc (poH)") and
relative cooling power are checked [7, 8].

In this paper, a detailed investigation is carried out on
magnetocaloric effect, field dependence on MCE and critical
behavior in Lag755rg,sMn;_Cr,O5; (x = 0.15, 0.20, and
0.25) system. The universality of magnetic entropy change
for the compounds is also investigated and discussed.

2 Experimental

Lagt SritMngts  Cri*Mngh,03 (LSMCr,)  (x = 0.15,
0.20, and 0.25) polycrystalline samples were prepared by
solid-state reaction method. The powders mixed in the
stoichiometric composition of dried high-purity La,Os,
SrCO3, MnQO,, and Cr,O5; were ground and calcined at
1,173 K for 24 h in air for several times with intermediate
grinding to ensure homogenization. The powders were
pressed into pellet forms under 4 ton/cm” and sintered at
1,673 K for 24 h in air with several periods of grinding and
repelletizing. Finally, these pellets were quenched at room
temperature. This step was carried out to conserve the
structure at an annealed temperature. The structure and
phase purity were checked by powder X-ray diffraction
(XRD) using CuKa radiation (A = 1.5406 A) at room
temperature. The patterns were recorded in the
20° < 20 < 86° angular range with a step of 0.017° and
counting time of 18 s per step. According to our mea-
surements, this system can detect up to a minimum of 3 %
of impurities. Structural analysis was carried out with the
Rietveld structural refinement program using FULLPROF
software (Version 1.9c-May 2001-LLB-JRC) [9].The
microstructure was observed by scanning electron micro-
scope (SEM) using a Philips XL.30, and a semi-quantitative
analysis was performed at 15-kV accelerating voltage
using energy dispersive X-ray analyses (EDX).

Magnetization measurements versus both temperature
and magnetic field (uoH) curves were carried out using BS1
and BS2 magnetometer developed in Louis Neel Labora-
tory of Grenoble.
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3 Results and discussion
3.1 Scanning electron microscope

The morphology and particle size of LSMCr, samples
(x = 0.15 and 0.25) are shown in the inset of Fig. 1. These
micrographs show that the introduction of Cr’* ions
strongly reduces the grain size which decreases from 197 to
113 nm for x = 0.15 and 0.25, respectively. However, we
can also calculate the average grain size (S) from the XRD
peaks using the Scherrer formula:

091
= B cos 0 (1)

Where 4 is the used X-ray wavelength, 0 the diffraction
angle for the most intense peak (1 0 4), and fis defined as
B = ﬁi — ﬁf. Here, f3,, is the experimental full width at
half maximum (FWHM) and S, is the FWHM of a standard
silicon sample [10]. The obtained values for (S) are 66 and
38 nm for the samples with x = 0.15 and 0.25, respec-
tively. Obviously, the particle sizes observed by SEM are
several times larger than those calculated by XRD, which
indicates that each particle observed by SEM consists of
several crystallized grains.

3.2 X-ray analysis

All LSMCr, (x = 0.15, 0.20, and 0.25) samples are in a
single phase. The diffraction peaks are sharp and can be
indexed on rhombohedra structure with the R3c space
group, hexagonal setting (Z = 6), in which the La/Sr atoms
are at 6a (0, 0, ¥4), Mn/Cr at 6b (0, 0, 0) and O at 18e (x, 0,
Y4) positions. No traces of secondary phases were detected
within the sensitivity limits of the experiment (a few per-
cent). Figure 1 shows an example of the Rietveld refined
X-ray diffraction pattern of LSMCrj,. The difference
between the experimental and calculated intensities is
given at the bottom of the plot. The refinement quality
factors (Ry,p, Rp, Rp and %) are satisfactory as reported in
Table 1. With increasing Cr concentration, the lattice
parameters change in a continuous manner indicating per-
fect solid solubility of Cr at Mn site. A decrease in the
lattice volume with an increase in Cr content from
x = 0.15 to 0.25 can be explained by the replacement of
Mn*" ions (rye= 0.65 A) by a smaller Cr’" ions
(rep+ = 0.615 A) [11]. This hypothesis was confirmed by
the determination, from the Rietveld refinement, of (Mn/
Cr)-O distance calculated from the structural parameters
(see Table 2). On the basis of refined crystallographic data,
the unit cell, atomic parameters and other fitting parameters
of all the samples are computed and are gathered in
Table 1.
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Table 1 Refined structural parameters from X-ray powder diffrac-
tion data for Lag75Srg»sMn;_,Cr,0; compounds having R3 cspace-
group symmetry. Numbers in parentheses are statistical errors of the
last significant digit

x 0.15 0.20 0.25
R3cphase
a (A) 551444 (6) 55122 (4) 55111 (3)
c(A) 13.3676 (9) 13.3574 (7)  13.3554 (2)
V(A% 35202 (6) 35148 (9)  351.28 (8)
(La/St) (62) By, (A2 0.47 (3) 0.33 (2) 0.53 (6)
(Mn/Cr) (6b) Bjso (10\2) 0.23 (4) 0.18 (8) 0.22 (4)
(0) (18e) By (A2) 0.2 (5) 0.73 (8) 0.35 (5)
x (O) 0.447 (8) 0.442 (3) 0.439 (2)
Discrepancy factors
Ryp (%) 3.24 3.1 43
R, (%) 23 23 2.9
Ry (%) 6.4 6.53 6.3
7 (%) 2.14 1.43 2.12

Weight fraction resulting from the Rietveld analysis is expressed in
percent of Lag 75519 2sMn;_,Cr,O3. a and ¢ hexagonal cell parameters,
V cell volume, Bj, isotropic thermal parameter, x oxygen position,
R, R, and Rp the residuals for, respectively, the weighted pattern,
the pattern and the Bragg structure factor

The tolerance factor is defined as:

o <rA> + 7
= (ﬂ(<r3> T ro>> @

41 48 5 62 69 6 g3
20 ()

2

Table 2 Values of average distance and angle in Lag75SrgsMn;_
Cr, 05 (x = 0.15, 0.20 and 0.25) compounds

X 0.15 0.20 0.25
dovicrro (A) 1.959 (8) 1.961 (1) 1.966 (5)
Omn/cry-0-Mu/cry () 167.37 (6) 166.19 (1) 163.58 (2)
<rp> (A) 0.615 0.613 0.611

T 0.947 0.948 0.949

W (ua) x 1072 9.445 9.401 9.289

Where (rs), (rg) and ro are the average ionic radii of A,
B, and O perovskite sites (ABO3), respectively. As ¢ value
is close to 1, perovskite structure is expected to have a
cubic form. The rhombohedral distortion may be viewed as
a rotation of the octahedra around the threefold axis by an
angle o from the ideal perovskite position. This rotation
describes the buckling of the MnOg octahedra caused by
the ionic radii mismatch between A and B cations. The
rotation angle (w) can be calculated from the oxygen
position (x) using the following relation [12]:

w = arctan(x/g - xx/ﬁ) (3)

The obtained values are 10.40, 11.36, and 11.93 for
x = 0.15, 0.20, and 0.25, respectively. They indicate large
distortions for all the compositions. For regular Mn coor-
dination octahedra, the relation between @ and super-
exchange (Mn/Cr)-O—(Mn/Cr) bond angle (0) is given by
[13]:
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Fig. 2 Temperature dependence of the magnetization for Lag;s.
SrpsMn;_Cr,O3 (x = 0.15, 0.20 and 0.25) samples at poH = 0.05 T
magnetic field. The inser shows the inverse susceptibility versus
temperature of Lag755rg,sMn;_,Cr,O3(x = 0.15, 0.20 and 0.25)
compounds obtained from magnetization measurement in a magnetic
field of 0.05 T

(1 — 4cos® w)
I — @

Using w values, we have calculated the 6 values that are
found to be in reasonable agreement with those obtained
from Rietveld refinement (Table 2). The departure from
180° of (Mn/Cr)-O—(Mn/Cr) angle is a measure of the
distortion. The bond length dn/cryo and bond angle 0.,
Cr—-0—(Mn/Cr) Variations have opposite effects on the unit cell
volume (V). For a distorted perovskite, they are related by
[14]:

cos 0 =

vV = Z[Zd(Mn/Cr)fO COs w]3 (5)
with

- 0 n/Cr)—O—(Mn/Cr
o = |F— Yo /c2> O—(Mn/Cr) (6)

and Z is the number of formula units in the unit cell (Z = 6
in the present case). The functional dependence of volume
as a function of Cr concentration (x) is reproduced using
the observed values of d(my/cr)—0 and O(uin/cr)—o0—(Mn/cr) i0
the above expression.

3.3 Magnetic characterizations

Figure 2 shows the temperature dependence of magneti-
zation in field-cooled mode (yoH = 0.05 T) and reveals
the presence of a sharp transition from a ferromagnetic to
paramagnetic phase (FM-PM) for all LSMCr, (x = 0.15,
0.20 and 0.25) compounds. From this figure, we can clearly
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Fig. 3 The derivative of magnetization vs. T plots for x = 0.15

see that the introduction of the Cr ions diminishes con-
siderably the magnetization. The same behavior was
observed for Curie temperature (7¢), defined as the peak of
dM/dT in the M-T curves (Fig. 3). A decrease of the T¢
value is observed. It is equal to 317, 278, and 253 K for
x = 0.15, 0.20, and 0.25, respectively.

Magnetization and T decrease can be related to two
parameters. The first one is directly in relation with the
mechanism of the double-exchange and super-exchange
interactions in LaaﬁsSr%ESMnSﬁS_XCﬁ*MngESO? com-
pounds between Mn and Cr ions. The second parameter is
associated to bandwidth (W) describing the overlap
between Mn-3d and O-2p orbitals given by the following
empirical formula [14]:

cos[1/2(n — v)]

d(3NSIn /Cr)—0

W (7)

As shown, this second parameter is in relation with the
structure of the compounds, where y is the (Mn/Cr)-O—
(Mn/Cr) angle and dn/cr)-o is the bond length.

The estimated W values (Table 2; Fig. 4) indicate a
decrease in bandwidth (W) when increasing the Cr con-
centration x. This decrease reduces the overlap between the
O-2p and Mn-3d orbital, which in turn decreases the
exchange coupling of Mn®>" to Mn*" and Mn*T-Cr’*,
resulting in a decrease of the magnetic ordering tempera-
ture Tc. Moreover, the decrease in T¢ is mainly attributed
to the decrease of the B—-O-B bond angle.

The temperature dependence of the inverse magnetic
susceptibility (1/y) is shown in the inset of Fig. 2 for
x = 0.15, 0.20, and 0.25 samples. In the paramagnetic
region, the relation between y and the temperature 7 should
follow Curie—Weiss law:

C
X—m (8)
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Fig. 4 Variation of bond angle (Mn/Cr)-O—-(Mn/Cr) and T¢ as
function of the average ionic radii of B-site <rg> for Lag 75510 .25.
Mn;_,Cr,O3 (x = 0.15, 0.20 and 0.25) compounds

Table 3 Transition temperature Tc, Curie-Weiss temperature 0,

experimental £f and calculated pi° as function of Cr content for

Lag 75S1925Mn_Cr,O3 (x = 0.15, 0.20 and 0.25) compounds

Composition Te (K)  poug)  pgtup)  0p (K)
La0_75Sro_25Mn0_35Cro.1503 317 4.54 3.98 308
Lao_7SSr0_25Mn0_80Cr0_2OO3 278 441 3.83 274
La0_75Sr0_25Mn0_75Cr0,2503 253 4.28 3.83 257

Where C is Curie constant and, 0,, is Weiss temperature
determined from the linear fit of the paramagnetic region
(Table 3). The positive 0, value indicates the presence of
ferromagnetic interaction between spin. On the other hand,
the C constant is related to the effective paramagnetic
moment via the following relation [15]:

Ny 1
¢ = ( 3kBB> T )
Where N, = 6.023 x 10** mol™! is the number of
Avogadro, gz = 9.27 x 107%' emu is the Bohr magneton,
and kz = 1.38016 x 107'® erg K 'is the Boltzmann
constant. From the determined C parameter, we have

exp

deduced the p gy values (Table 3) that are compared to

those determined theoretically (,ug}ﬁo) from the following
equation:

Where '[,leff(Mn3+) = 49#3
3.87 up [16].
The p;(Cr") is given by the following equation:

we =g\ + 1)

where g = 1 4 U+ +SE+D) - LE+D)

and Hetr (Mn4+) =

is the Landau

2J(J+1)
factor, / = |L — S| is the total moment, L = > my is
the orbital moment and S = ) mg is the spin moment.

For Cr’*, J=3/2 and gr=2/5 (as §=3/2, L=3)
therefore ¢ (Cr't) = 0.775 .

As seen in Table 3, we can notice that the measured
effective magnetic moments pf¢° in the paramagnetic
(PM) regime are significantly larger than the calculated
ones. Terashita et al. [17] has explained this difference by
the short-range ferromagnetic correlation in the PM state.

The Banerjee criterion has been frequently used to check
the nature of the magnetic phase transition in manganites
[18]. According to this criterion, the positive or negative
slope of % versus M? (Arrott plot) curves indicates whether
the magnetic phase transition is of a second or a first order.
The main panel of Fig. 5 shows that near the FM-PM tran-
sition phase, %\/ersus M? curves clearly exhibit a positive
slope in the entire M? range, which confirms that the transi-
tion is of a second order. According to the mean field theory,
near the transition point, %Versus M? should show a series
of parallel lines at various temperatures and the line related to
Tc should pass through the origin [19]. For example, the
Arrott plot curves for LSMCry, (x = 0.2) sample are not
linear, which indicates that the mean field theory is not valid.
The deviation from mean field reveals the presence of
inhomogeneous magnetic state of the samples. It is well
known that in manganites inhomogeneous magnetic states
are due to the phase separation phenomenon or to B-site
disorder-induced competition between DE and SE interac-
tion or to change in correlation range of the magnetic fluc-
tuations from cation deficiency [20].

According to the classical thermodynamic theory, the
magnetic entropy change |4S),| induced by the variation of
the external magnetic field from O to uyHmax is given by:
ASu(T, poH) = Sy (T, poH) — Su(T, 0)

HoHmax

= / <§—;)TuOdH (11)
0

W = /(075 —x)pde (M) + 025 2 (Mn*) + x i (Cr) (10)
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Fig. 5 Arrott plot of pyH/ 0.40

M against M? at different
temperatures. Inset shows the
initial magnetization curves vs.
magnetic field at different
temperatures around 7c 0.30

0.35

0.25
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4
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Fig. 6 Isothermal magnetic entropy change around the Curie

temperature for polycrystalline Lag 75Srg25Mng goCrg 03 sample

With Maxwell’s thermodynamic relationship:

oM T oT "
Equation (11) can be rewritten as follows:
M, woH
asu(t. ) = [ (PUTEE) an )
oT H
0
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Experimentally, two kinds of different methods are
often used to evaluate the magnetic entropy change ASy;.
The first one is the measurement of the M—T curve under
different applied magnetic fields. The second one is the
measurement of the M—uoH curve under different temper-
atures. In this paper, we use the second method to calculate
magnetic entropy change.

In order to evaluate the MCE, the changes of magnetic

entropy (ASy) curves can be numerically calculated using
Eq. (14):

T, T, 1
48 =
M( 2 ) (Tz - T1>

HoHMax
— [ M (14)
0

HoHmax

As shown in the inset of Fig. 5, the isothermal magne-
tizations versus applied field were measured at various
temperatures for the LSMCry, sample. The magnetic
entropy changes as a function of temperature of several
external magnetic fields were calculated and plotted in
Fig. 6. The values of (—AS),) increase with the increase of
the applied magnetic field. The peak of (—ASy,) versus T
curve decreases with the increase of Cr substitution. For
uoH = 5T, (—ASy) reaches the value of 3.5 J/kg K at
317 K, 3.85 J/kg K at 278 K, and 4.20 J/kg K at 253 K for
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Fig. 7 Temperature dependence of the magnetic entropy change
corresponding to an applied field puoH =5 T of Lag75SrgosMn;_
Cr 03 (x = 0.15, 0.2, and 0.25) compounds

Table 4 Summary of magnetocaloric properties of Lag 75519 >sMn;_
4Cr, O3 compared with other magnetic materials at uopH = 5T

Sample Te  |Asm | (J/ RCP  References
K) kg K) J/K)

Gd 293 95 410 [27]

Lag 67Bagp 33Mn0O3 292 148 161 [4]

Lag 7St 3Mng o3Feq 0705 296 4 255 [28]

Lag 7Srg3Mng 9Aly 105 310 2.6 109 [29]

Gds (SiyGe,) 275 185 535 [30]

Lag 75S1925Mng g5Cr 1505 317 3.5 289 This work
Lag 75S1925Mng goCrg 003 278  3.85 323 This work
Lag 75S1r925Mng 75Crp 0505 253 4.2 386 This work

x = 0.15, 0.20, and 0.25, respectively (Fig. 7). To evaluate
the applicability of (LSMCr,) composition as a magnetic
refrigerant, the obtained values of magnetic entropy change
in our study are compared with other magnetic materials
(Table 4).

According to Oesterreicher and Paker [21], the field
dependence of the magnetic entropy change of materials
with a second-order phase transition can be expressed as:

S o (HoH)" (15)

Where n depends on the magnetic state of the com-
pound. On the basis of mean field approach, field depen-
dence of magnetic entropy change at Curie temperature has
been predicted to correspond to n = 2/3. The exponent n,
dependent on ppH and T, can be calculated as follows:

_d In|4Sy|

A (16)

max)

M
[=3

100

In(-AS
In(RCP)

1 2 3 a 5
In(i, H(T))

Fig. 8 Variation of In(—ASM™) and (RCP) as function of applied
magnetic field for Lag75Srg,5MnggsCrg 1503 sample. Red line
indicates the linear fit for n and ¢ calculation

In the particular case of T = T¢ or at the temperature
when the entropy is maximal, the exponent (n) becomes an
independent field [22]. In this case,

p—1
n(Te) =1+ 17
(Te) =1+ (17)

Where B and vy are the critical exponents [23].

With, 6 = (+7) [24], the relation (17) can be written
as:

n(TC)zl—i-%(l—%) (18)

To determine the exponent n, a linear plot of (—A4S}*)
versus UoH is constructed at the transition temperature of
the peak of the magnetic entropy change, i.e., at 317 K for
LSMCrg 5, at 278 K for LSMCry,o and at 253 K for
LSMCry »s5, (Fig. 8 as example for x = 0.15). The n values
obtained from the slope are 0.88 + 0.05, 0.80 & 0.01, and
0.87 & 0.01 for x = 0.15, 0.20, and 0.25, respectively.
These values are higher than the mean field prediction
(n = 2/3). This deviation is due to the presence of local
homogeneities in the vicinity of transition temperature
[25]. The change of specific heat associated with a mag-
netic field variation from zero to yy His also computed
using the following relationship [26]:

ACp(T, uyH) = Cp(T, poH) — Cp(T, 0)
0(4Su(T, H))

=T 19
T (19)
Figure 9 shows the temperature dependence of ACp
under different field variations for LSMCry, sample cal-
culated from the A4S, data (Fig. 7) using relation (19). The
ACp undergoes a sudden change from positive to negative
around 7 with a positive value above T and a negative
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Fig. 9 Change of specific heat of the sample (x = 0.20) as a
function of temperature at different magnetic field

one below Tc. The maximum/minimum value of ACp,
observed at 304/322 K for x = 0.15, 264/292 K for
x = 0.2, and 242/257 K for x = 0.25 exhibits an increasing
trend with applied field and is found to be equal to
16.70-12.02, 18.78-13.58, and 19.20-13.76 Jkg 'K~' for
x = 0.15, 0.20, and 0.25, respectively, at an applied field of
5T.

Another useful parameter, which decides the efficiency
of a magnetocaloric material, is the relative cooling power:
RCP. It is the heat transfer between the hot and the cold
tanks during an ideal refrigeration cycle. This represents
numerically the area under (—ASy,) vs. T curve:

RCP = —ASM(T7 ,LLOH) X 6TFWHM (20)

Where (6T FWHM — Thot — Tcold) is the full width at
the maximum of the magnetic entropy change curve, and
ASy (T, uyH) is the maximum magnetic entropy change.
For the Cr-doped samples, the estimated RCP values are
found to range between 289 J/kg (x = 0.15) and 386 J/kg
(x = 0.25).

Generally, the double-exchange interaction controls the
close relationship between the structure and the magnetic
properties in this type of material. When the rate of
substituted Cr’" ions increases, the antiferromagnetic
coupling between Cr’"—Cr’*, Cr’*-Mn*" and Mn*"—
Mn*" should be taken into consideration. In accordance
with the work of Goodenough et al. [31], we expect a weak

antiferromagnetic super-exchange interaction between two
ions having an empty orbital; e.g., the partial substitution
of Mn>" by Cr’ " causes a decrease in the number of Mn**.
In addition, the ferromagnetic double-exchange interac-
tions between Mn** and Mn>" ions are weakened, while
the antiferromagnetic interactions between Mn*" and Cr*"
are reinforced. Therefore, the partial replacement of Mn>"
by Cr*" can greatly weaken the double-exchange interac-
tion of Mn**—O-Mn** and, therefore, the full width at half
maximum (FWHM) increases, which leads to an
improvement of RCP.

Refrigerants with a wide working temperature span and
a high RCP are in fact very beneficial to magnetic cooling
applications. It is worth mentioning that while 7¢ is largely
suppressed, the Cr substitution slightly affects the magnetic
cooling effect.

The field dependence of RCP can be expressed as a
power law:

RCP x (uoH)'/° (21)

Where ¢ is the critical exponent of the magnetic tran-
sition. Field dependence of RCP is displayed in Fig. 8 for
x = 0.15. The obtained values of 6 are 3.2 (3), 3.34 (2),
and 2.82 (4) for x = 0.15, 0.20, and 0.25, respectively.
From the values of n and 9, the critical parameters § and y
are deduced for each compound using Eqgs. (17) and (18)
(Table 5).

The obtained values for all compounds show a
slight deviation from the mean field model (Table 5)
[32]. It is established that, the critical behavior of
manganites is complex due to their intrinsic heteroge-
neity, the coexistence of multiphase and the non
belonging of the critical exponents to any universality
class [33, 34].

4 Conclusion

A detailed investigation of structural, magnetic, and mag-
netocaloric properties of polycrystalline Lag75S1gsMn;_
LCr, 03 (x = 0.15, 0.20 and 0.25) compounds is reported.
All samples are found to crystallize in a rhombohedral
structure with R3 ¢ space group, and a volume decrease is
observed when Cr content increases. From magnetic
investigations, Arrott plots reveal the presence of a second-

Table 5 Critical f and 7

Composition
parameters calculated from

References

nand ¢ Lag 75S19.25Mng g5Cro 1503

Lag 75Sr9.25Mng 80Cro 2003
Lag 75510.25Mng.75Cro.2503

Mean field model [32]

Tc (K) N 0 B Y
This work 317 0.88 (5) 322(3) 0714 1.585
This work 278 0.80 (1) 334(2)  0.600  1.404
This work 253 0870 (1)  2.82(4) 0730 1330
0.66 3 0.5 1
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order magnetic transition in all three samples. The mag-
nitude of MCE and the relative cooling power (RCP) are
considerably improved when Cr content increases. Fur-
thermore, Cr-doped manganites’ compounds have many
advantages. They are inexpensive, easy to synthesize, and
chemically stable. This is because their Curie temperatures
can be tailored between 253 and 317 K by adjusting the
dopant (Cr) concentration. Based on our results, the
Lag 75519,5sMn;_,Cr, O3 system appears to be a good can-
didate for a multicomponent magnetic refrigerator over a
wide temperature range.
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