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Abstract

Morphology, magnetic and magnetocaloric properties of Lag¢2Erg.0sBag33Mni_,Fe,O3(x = 0.00, 0.05 and 0.15) were
experimentally investigated. Solid-state reaction method was used in the preparation of the samples. The microstructure
of the samples was determined by scanning electron microscopy (SEM). From the XRD study, it has been found that all
samples are single-phased and crystallized in the rhombohedral structure with the R3-c space group. For x = 0.05 and
0.15, a steep drop of zero field-cooled (ZFC) magnetization at low temperature signifies the formation of cluster- or spin-
glass state. This is caused by the competition between the ferromagnetic and antiferromagnetic interaction. A sensitive
response to substituting Fe for Mn is observed in the magnetic and magnetocaloric properties. We found that Fe doping is
powerful enough to reduce Curie temperature T¢ and it brings about cluster glass behaviours. The magnetocaloric effect
is calculated from the measurement of initial isothermal magnetization versus magnetic field at various temperatures. The
maximum entropy change |ASAH,}aX| reaches the highest values of 3.31, 3.12, and 2.57 J/kg K in magnetic field. However, the
relative cooling power decreases with Fe content from x = 227.44 to 188.68 J/kg for x = 0.00 to x = 0.15 compositions,

respectively.
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1 Introduction

The manganites with general formula RE;_,AE,MnOs3,
where RE and AE denote, respectively, trivalent rare
earth and bivalent alkaline earth elements, have been
widely studied during the last decade due to technological
applications [1] in medicine [2—4], catalysis processes [5]
and magnetic refrigeration [6, 7], for instance. In these
perovskite compounds, the interplay between magnetism,
charge ordering, and electronic transport have been studied
in detail [8—11]. In particular, the metal-insulator transition
near the Curie temperature in this class of material has been
interpreted in terms of the double exchange (DE) model.
But, there are some other mechanisms that have provided
valuable insights into the colossal magnetoresistance (CMR)
phenomenon in manganites, such as the anti-ferromagnetic
super-exchange, Jahn-Teller effects and orbital and charge
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ordering [12, 13]. Other researches focused on perovskite
manganites with a general formula RE|_,AE,MnOs after
the observing large magnetocaloric effects (MCE) in these
compounds [14—17]. Currently, MCE offers an alternative
technology in refrigeration, with an enhanced efficiency
but without environmental hazards [18-21]. The key in
using magnetic refrigeration at room temperature is to seek
the proper refrigerant materials which can produce a large
entropy variation when it goes through a magnetization-
demagnetization process. 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 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 [22-25]. It was
experimentally found that any modification on the exchange
interaction causes the pair-braking effect associated with
a drastic reduction in Curie temperature 7¢c. However,
differently from the common ionic substitution, Fe doping
in manganites has a peculiar effect and is attracting
more attention. This suggests that Fe substitution for Mn
dilutes the DE mechanism and shows a typical spin glass
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and insulating behaviours. The results of several authors
who studied Ln;_yA;Mn;_,Fe,O3, Fe-doped manganites
with y-x indicate the existence of an antiferromagnetic
interaction between Fe and Mn ions [26-28]

In the present study, we investigate the structure,
the magnetic properties and magnetocaloric effect of
Lag ¢2Erg05Bap33Mn;_xFe, O3z compounds, which can
be a suitable candidate as a working substance in
magnetic refrigeration at near room temperature. First,
we explored the effect of Fe doping on the ground-state
magnetic ordering properties of polycrystalline manganite
Lag.¢2ErgosBag33Mn;_,Fe,O3. Second, we considered
important characteristics, such as large MCE values and
being a ferromagnetic near and above room temperatures
that would qualify the materials to be considered for
practical applications. In this context, there are many studies
on the hole-doped manganites, which vary the concentration
of alkaline earth ions that affects the Mn>T/Mn** ratio.
Moreover, there are very few reports where a systematic
analysis on magnetic and magnetocaloric properties is
carried out especially on La-doped layered manganites.

2 Experimental Details

Lag.g2ErgosBag33Mn;_,Fe, O3 (x = 0.00, 0.05 and 0.15)
were synthesized using the standard solid-state reaction
method at high temperature. The detailed preparation
procedure and basic physical properties are reported in
ref. [29]. The magnetization measurements were carried
out using a superconducting quantum interference device
magnetometer in different magnetic fields at Neel institute.

3 Results and Discussions

3.1 Morphological Characterization and Structural
Information

In order to check the existence of all the elements in the
LEBMFO (0.00, 0.05 and 0.15) compounds, an energy-
dispersive x-ray analysis was performed. An example of
EDX spectra is represented in Fig. 1 for x = 0.05. This
spectrum reveals the presence of all elements (La, Er, Ba,
Mn, Fe and O), which confirms that there is no loss of any
integrated element during sintering. The SEM micrographs
are given in the insets of this figure for x = 0.05. We
can see that the grains exhibit spheroid-like shapes and
a good connectivity between each other. This facilitates
the intrinsic behaviours because good current percolation
between grains and the opening up of conduction channels
do not block the ordering of the Mn spins. The typical
cationic composition for the samples is represented in
Table 1. The synthesized size is one of structural parameters
which can be determined with the help of XRD data using
the following mathematical relations [30]:

_ ka
~ Bcost

Dsc ()
where Dgc is the crystallite size, kis a constant and its
value is 0.9, X is the wave length of x-ray used (1.541 ?),
6 is Bragg’s angle and B is the full width at half maxima.
Additionally, we can also calculate the grain size using a
scanning electron microscopy (SEM). As shown in Table 2,
the average grain size (Dgc) obtained from the XRD peaks
using the Scherrer formula (1) is significantly smaller than

Fig.1 Plot of EDX analysis of
chemical species, the inset
represents the scanning electron
micrograph of x = 0.05
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Table 1 Results of EDX analysis

Composition Typical cationic composition from EDX Nominal composition
La Er Ba Mn Fe
x =0.00 0.619 0.052 0.329 1.008 - Lao'(,zEro‘05Ba0'33MnO3
x = 0.05 0.621 0.053 0.326 0.951 0.052 La0'62Er0‘05Ba0'33Mn0,95Fe0'0503
x =0.15 0.624 0.052 0.324 0.842 0.158 Lao'(,zEro‘05Ba0'33Mn0,g5Fe0'1503

the values determined by SEM, which indicates that each
particle observed by SEM consists of several crystallized
grains [31].

Furthermore, to find close values, we have used
Williamson-Hall approach for deconvoluting size and strain
contribution to the x-ray line broadening. According to
this approach, the x-ray line broadening is a sum of the
contribution from small crystallite size and the broadening
caused by the lattice strain present in the material [32], i.e.

B = Bsize + PBstrain 2)

where fBsize = % and Bgrain = 46 tan g6, where § is
Al

strain5-, so Eq. 2 becomes

kX

= D cos6

+ 46§ tan g6 3)

“

where 46 is a measure of strain present in the lattice hence
by plotting B cos 6 versus 4 sin 9, we can find the crystallite
size from the intercept (’%) of this line on the y-axis
and the slope of the line gives the strain (§). Figure 2
shows the strain measurements of all the samples. The
strain measured from the slope increases with increasing
Fe doping which indicates that strain increases as larger Fe
ion accommodates in MnO3 matrix. The variation in cation
distribution on the rhombohedra sites produces compressive
strain due to the variation of ionic sizes of the two cations.
The crystallite size (D) and the strain (§) are listed in
Table 2. The crystallite size (D) = 98, 105 and 109 nm and
the strain (§) = 0. 354, 0.361 and 0.369 for x = 0.00, 0.05

kX
Bcosh = ) + 45 sin 6

Table2 Different grain size (crystallite size Dsc from relation Debye-
Scherrer, Dvgp using a scanning electron microscopy and D from
Williamson-Hall)

Samples
x =0.00 x =0.05 x =0.15
Dg. (nm) 160.7 164.12 170.32
Dygg (nm) 475 480 485
D (nm) 100 105 109
Strain (§) 0.354 0.361 0.369

and 0.15, respectively, are listed in Table 2. The crystallite
size calculated in the present system using the William-
Hall technique is larger than the crystallite size (Dsc) =
160.7, 164.12 and 170.32 nm for x = 0.00, 0.05 and 0.15,
respectively, because the broadening effect due to strain is
completely excluded in Debye-Sherrer technique [33].

3.2 Magnetic Behaviours

Figure 3a presents the magnetization curves as a function
of temperature at zero field-cooled (ZFC) and field-cooled
(FC) under an external magnetic field of 500 Oe for
LEBMFO. As can be seen, all the LEBMFO samples
undergo a transition from a ferromagnetic to a paramagnetic
phase. It is clear that the FC curves do not coincide with
the ZFC curves below T¢. But the curves FC and ZFC
have a common part for the high temperature wherein the
variation of magnetization with temperature is reversible
and superposed. At low temperature, the behaviour is
irreversible with a divergence between ZFC and FC. The
magnetic moment gradually reduces. 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 due to the random freezing of spins [34]. This
can be seen clearly at low temperature for x = 0.15, which
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Fig. 2 Variation of strain graph for LaggyErgosBag33Mnj_,Fe,O3

for (x = 0.00, 0.05 and 0.15) samples
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Fig. 3 Temperature dependences of the zero-field-cooled and field-
cooled magnetization for LEBMFO samples, the inset show tempera-
ture dependent inverse susceptibility x —!' (7') curves. b The hysteresis
loops of LEBMFO samples (x = 0.00 and 0.15); the inset shows the
field dependence of the magnetization plots taken at 5 K for all the
samples in magnetic fields strengths of +10 T

is generally related to a spin-glass or cluster-glass state.
The discrepancy between ZFC and FC curves becomes
proportionally larger with the doped content of Fe. In fact,

the presence of cluster spin state in other doping systems has
been extensively observed [35-37]. It is found that the Curie
temperature T¢ decreases with increasing x. The variance of
Tc versus Fe concentration is tabulated in Table 3. One can
note that T¢ decreases swiftly when Fe content is increased.
The number of Mn3*t is reduced appreciably and the
ferromagnetic double-exchange interactions between Mn*+
and Mn3t ions are weakened, while the antiferromagnetic
interactions between Mn** and Fe3* are reinforced.

From the determined C parameter, we have deduced the
Mz)f(fp values. Assuming orbital momentum to be quenched in
Er*t, Mnt, Mn*t and Fe?™, the theoretical paramagnetic
effective moment can be written as:

phe = gJI(J+1D), where g = 1 +
JUFDESSHD-L (LHD g the Landé factor, J = |L — S|

27 (J+1D)
is the total moment, L = ) my is the orbital moment and

S = Y mg is the spin moment. The Svalues are 3/2 for
Mn**, 2 for Mn>*, 3/2 for Er*" and 5/2 for Fe**. Thus,
the theoretical values are pf. (Mn** = 4.90up), u'l
(Mn*t =3.87up), u (Br3+ = 9.58p) andull, (Fe3+ =
5.92up). The deduced /,LZ)f(fp value was then compared to the
theoretical ,ug%f calculated using the following relation:

()2 = 0.05 p24(Er*) + (0.67 — x) (M) +0.33
page (Mn*) + x e (Fe¥™) (5)

Furthermore, to better understand the effect of the
substitution of Fe for Mn at low temperature, we calculated
the values of saturation magnetic moment at 7T = 5 K
considering the total spins of Mn>*, Mn**, Er’* and Fe+
ions is given by

Msa(cal) = (Mg pin3+) (yea+) + (Mg pint+)
(nMn4+) + (MSatErH) (nEr3+) + (MSatFeH) (nFe3+)

(6)

where Mg, \jp3+ = 4B, Mgy e = 3B, Mgy g+ =
3up and Mg, g3+ = Supare the magnetic moments
(the orbital contribution is neglected) and nyy 3+, M4+,
ngs+ and npas+ are the contents of the Mn3t, Mn*T,

Table 3 Maximum entropy change |ASX’43X| and relative cooling power (RCP), occurring at the Curie temperature (Tc) and under magnetic
field 5 T for Lag g2Erg 0sBag 33Mnj_,Fe, O3 for (x = 0.00, 0.05 and 0.15) compounds, compared to several materials considered for magnetic

refrigeration

Composition Tc (K) HoH (T) |ASTX| (J/kg K) RCP (J/kg) References
Lag 62Erg.05Bag33Mn O3 275 5 3.32 227.44 Our work
Lag 62Erg 05Bag.33Mng 95Feg 0503 260 5 3.11 214.14 Our work
Lag 62Erg 05Bag.33Mng g5Feq. 1503 180 5 2.57 188.68 Our work
Lag 52Dy0.15Pbp 33MnO3 290 5 3.51 246 [41]

Gds (SixGey) 275 5 18.5 535 [42]
LaggBag,MnggFep 103 193 5 2.62 211 [43]
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Table 4 Magnetic parameters deduced from magnetization such as the moment effective experimentaluz’f‘fp , moment effective theoreticalp.g‘}},
remnant magnetization M, (emu/g), saturation magnetization (Ms), the coercive field pgHc(T) and remnant ratio R = (Mr/Ms) of the system

Lag 62Er0.05Bag33Mn;_,Fe, O3 for (x = 0.00, 0.05 and 0.15) compounds

exp cal

Samples Hegp Hetp M;(emu/g) pnoHc(T) Ms (emu/g) R = (Mr/Ms)
x =0.00 10.07 5.06 4.60 2.61073 84 0.054
x =0.05 10.12 5.11 5.75 6.31073 80 0.071
x =0.15 10.35 5.23 6.52 2.31072 75 0.240

Er’* and Fe?T ions respectively. The measured spontaneous
magnetization at 7 = 5 K for =0.00, 0.05 and 0.15
compounds are found to be about 3.61, 3.22 and 2.45
uB, respectively, while the calculated values for full-spin
alignment are 3.9, 3.655 and 3.165 g, respectively. The
spontaneous magnetization decreases with increasing Fe
content. The difference between measured and calculated
values should be explained by spin state at low temperature
(Table 4). The effective magnetic moments are much higher
than the theoretical value possibly because of the possible
orbital charge fluctuations in contrast to charge orbital
ordering in the parent compounds Lag g7Bag 33MnO3.

The field dependence of magnetization at 5 K is plotted
in the inset of Fig. 3b in magnetic fields strengths of +10
T to complement the FC versus T data. The magnetization
of all the samples nearly saturates above 1.5 T. On
increasing Fe doping, the saturation magnetization (Ms)
decreases. The hysteresis loops of x = 0.00 and x = 0.15
samples are plotted in Fig. 3b. The hysteresis in the M-
H curve, along with the saturation, clearly confirms that
we have a ferromagnetic state at low temperatures. It can
be clearly seen that both the coercive field (u oH.) and
the remanence magnetization (M, ) increase systematically
with the increase of Fe doping. The coercive field has
increased by more than an order of magnitude from 2.610~3
T for the undoped (x = 0.00) sample to nearly 2.31072
T for x = 0.15 Fe-doped sample. Markovich et al. [38]
suggested that suppression of the FM phase results in
decrease of magnetization and increase of Hc. In this case,
the interfacial spins between FM and AFM regions tend
to rotate with the FM domains. These spins experience an
increasing rotational drag due to the AFM domains, leading
to broadening of the hysteresis loops.

Figure 4 shows the variation of remanence magnetization
(Mr) and saturation magnetization (Ms) with Fe3t substi-
tution. The force required for demagnetization of a sample
is termed as remanence magnetization and is one of the
important parameters to be considered in recording media
industry. Remanence is a structure sensitive parameter. For
the present system, the values of remanence varied in the
range of 4.60-18.20 emu/g. The remnant ratio R = Mr/Ms
is a characteristic parameter of the material. It is an indica-
tion of the ease with which the direction of magnetization

reorients to the nearest easy axis of magnetization direction
after the magnetic field is removed. Within this framework,
it is desirable to have higher remnant ratio for magnetic
recording and memory devices [39]. The values of R in the
present case varied for one magnitude of order and the val-
ues are found 0.054, 0.071 and 0.240 for x = 0.00, 0.05 and
0.15, respectively. The values show increasing trend with
Fe3* substitution.

In Fig. 5, we show magnetization isotherms, M (poH),
for x = 0.00 and x = 0.15 samples taken over a
certain temperature range around their respective Curie
temperatures. The data were taken at 5-K intervals close to
Tc and away from T¢. We have found a soft ferromagnetic
behaviour at all temperatures in Fe-doped compounds. The
same result is shown during Fe doping at Mn site in
the same parent compound [40]. Banerjee [41] suggested
an experimental criterion which allows the determination
of the nature of the magnetic transition (first or second
order). It consists in observing the slope of the isotherms
plots M? versus u oH/M applying a regular approach,
the straight line was constructed simply extrapolating the
high magnetization parts of the curves for each studied
temperature. A positive or negative slope indicates a second-
or a first-order transition, respectively. Figure 6a, b shows
the isotherm plots M2 versusu oH/M above and below
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Fig. 4 Variation of saturation magnetization (Ms) and remanence
magnetization (Mr) with Fe content
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Tc for x = 0.00 and x = 0.15 samples, respectively.
These samples show positive slopes in the complete M?
range, indicating that the system exhibits a second-order
ferromagnetic to paramagnetic phase transition.

3.3 Magnetocaloric Behaviours

The magnetocaloric effect is an intrinsic property of
magnetic materials. It is the response of the material to
the application or removal of magnetic field, which is
maximized when the material is near its magnetic ordering
temperature (Curie temperature T¢).

From the Mazxell’s thermodynamic equation, the mag-
netic entropy change as the field is varied from yg 4 = 0 to
HoH = poHmax- Can be written as:

140 Hmax

ASy = <8M) dH 7
M—/ i) )
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Fig. 5 Isothermal magnetization as a function of applied field for
Lag 62Er0.05Bag 33Mn; _xFe, Os3for (x = 0.00 and 0.15)
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The numerical evaluation of this integral can be approxi-
mated to give

ASy =Y [(Mi(T;, H) = Mi11(Tiy1, H)) /(Ti = Try)] AH
(®)

where M; and M, are the magnetization values measured
at temperatures 7; and Tjip, respectively, and ApgH
represents the field variation from pyH = 0 until pg Hpax.-
The —ASy values for different A,oH as a function of
temperature are presented in Fig. 7 determined under an
applied magnetic field equal 5 T. The —AS)ys is positive
in the entire temperature range for all the samples. The
magnetic entropy for A ,0H =5 T increases with lowering
temperature from 7' < T¢, others goes through a maximum
around 7¢ and then decreases for 7 3> T¢. The magnitude
of the peak increases with increasing value of A,o0H for
each composition but the peak position is nearly unaffected
because of the second-order nature of the ferromagnetic
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transition in these compounds. Furthermore, the value of the
peak decreases with increasing Fe content around T¢ from
—ASy = 3.32 J/kg K for = 0.00 to 2.57 J/kg K for x =
0.15. Thus, it reduces the maximum ASjs value. As it is
well known, the double-exchange interaction controls the
close relationship between the structure and the magnetic
properties in this kind of materials. The partial substitution
of Mn®t by Fe’*, causes a decrease of the Mn>*/Mn*+
ratio and greatly weakens the double-exchange interaction
of Mn3*—O-Mn** and replaced by antiferromagnetic Mn—
O-Fe interactions, which lead to a progressive dilution of
ferromagnetism [29].

For comparison, we have listed in Table 3 the data of
various magnetic materials that could be used as magnetic
refrigerants. Although the values of |ASA",}3X|are smaller
than the most conspicuous MC material Gds (Si;Ges), these
perovskite manganites are easy to manufacture and exhibit
higher A- or B-site doping. Consequently, a large magnetic
entropy change can be tuned from low temperature to near-
or above-room temperature which is beneficial for operating
magnetic refrigeration at various temperature ranges.
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On the other hand, the specific heat can be calculated
from the field dependence of the external magnetic entropy
from zero to poHmax by the following equation [44]:

0 (ASy (T, noH))
ACp (T, uoH) = Cp(T, puoH)—Cp (T, 0) = —TMB—TM

®

From this formula, ACp(Tu oH) of LaggErgos5Bag33
Mn;_,Fe, O3 for (x = 0.05) sample versus temperature
at different magnetic fields is shown in Fig. 8. The
value of ACp suddenly changes from positive to negative
around Curie temperature (7¢) and rapidly decreases with
decreasing temperature.

From the results of the magnetic entropy change, it
was determined that the relative cooling power (RCP), a
parameter used to evaluate the refrigeration capacity of a
magnetic refrigerant [45]. The RCP value is obtained
fromRCP = ASy x 0Tpwum. We found that RCP =
227.445, 214.148 and 188.684 J/kg for x = 0.00, 0.05 and
0.15, respectively. It is important to note that even though
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Fig. 8 Change of specific heat of the sample as a function of
temperature at different magnetic fields for x = 0. 05

the peak value of ASys decreases the RCP value decreases
with increasing Fe doping. These values are higher than
those of Lag ¢7Bap33MnO3 (RCP = 161 J/kgat T = T¢)
[46]. Since the RCP factor represents a good way for
comparing magnetocaloric materials, our compounds can be
considered as potential candidates thanks to their high RCP
values compared with available refrigerant materials.

We can use ASy;*and poH to confirm that our materials
exhibit a second-order transition [47, 48]. The magnetic
materials with a second-order transition generally obey
ASTX = —kMg(0) h** — S(0,0), where h is the
reduced field just around Tc[h = (uoupH)/(kpTc)l,
k is a constant, Ms (0) is the saturation magnetization at
low temperatures and S (0.0) is the reference parameter,
which may not be equal to zero [48] Fig. 9 shows the

Fig. 9 Temperature dependence of magnetic entropy change —A™

versus h%/3 for Lag¢rErgosBag33Mnj_,Fe, 03 for (x = 0.00 and
0.15) samples

@ Springer

linear dependence of AST™ versus h*/3 which implies the
secondorder transition in LaggErgosBag33Mni_Fe,O3
for (x = 0.00, 0.05 and 0.15). The fact that ASH*
is estimated at T¢ and in fields larger than the critical
field required for the metamagnetic transition justifies the
conclusion about the second-order transition.

3.4 Correlation Between Critical Exponents
and Magnetocaloric Effect

Numerous works have focused on the dependence of the
magnetic entropy change (ASys) of manganites at the FM-
PM transition on T¢. According to Oesterreicher et al. [49],
the magnetic field dependence on the magnetic entropy
changeA Sy at a temperature 7 for materials obeying a
second-order phase transition follows an exponent power
law of the type [50]: ASy = b(uoH)" :

_ dIn ASy _ noH M (10)
~ dlnH — ASy \ 3T )y

where b is a constant and the exponent n depends on the
values of field and temperature. By fitting the data of ASy,
versus PoH to (10), we obtain the value of n as a function
of temperature at different magnetic fields for example
x = 0.05, as depicted in Fig. 10. From this figure, the
exponent n is close to 1 in the FM regime and increases to
2 in the PM regime. The exponent n exhibits a moderate
increase with decreasing temperature and takes extreme
values around Curie temperature of the existing phase, then
sharply increases with increasing temperature. In a mean
field approach, the value of n at Curie temperature is
predicted to be 2/3 [50]. It is well known in manganites that
the exponent is roughly field-independent and approaches
approximate values of 1 and 2, far below and above the
transition temperature, respectively [51]. Then, the values

 — x=0.05 :
18- | -2

L) L) L) L)
200 220 240 260 280 300
T (K)

Fig. 10 Temperature dependence of the local exponent n for x = 0.05
at different magnetic fields
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Fig. 11 Variation of Ln (RCP) as function of applied magnetic field
for x = 0.05 sample. Red line indicates the linear fit for d calculation

of n around T¢ are 0.561, 0.584 and 0.613 for x = 0.00,
0.05 and 0.15, respectively, which confirms not only the
invalidity of the mean field model in the description of
our materials at near the transition temperature for our
samples but also 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 [52, 53].

The field dependence of RCP, for our samples is also
analysed. It can be expressed as a power law by taking
account of the field dependence of entropy change A Sy, and
reference temperature into consideration [54].

RCP o puoH'*s (11)

where § is the critical exponent of the magnetic transition.
Field dependence of RCP is displayed in Fig. 11 for x =
0.05. The obtained values of & are 3.2 (3), 3.34 (2), and
2.82 (3) for x = 0.00, 0.05 and 0.15, respectively. In
the particular case of T = T¢ or at the temperature
when the entropy is maximal, the exponent (n) becomes an
independent field [55]. In this case,

T =1+2=1L (12)
TROE T ey

Table5 Critical 8 and y parameters calculated from n and §

Samples Number ) B y Tc (K)
x =0.00 0.561 4.98 0.313 1.251 275
x =0.05 0.584 5.02 0.323 1.304 260
x =0.15 0.613 4.85 0.347 1.340 180

where 8 and y are the critical exponents [56]. With 86 =
(B + y) [56], the relation (7) can be written as:

1 1
n(Tc)=1~|—g(1—E) 13)

From the values of n and 4§, the critical parameters 8 and
y are deduced for each compound using (12) and (13)
(Table 5).

4 Conclusion

In conclusion, we have reported detailed investigations of
morphological, magnetic and magnetocaloric properties of
Lag.g2Erg05Bag 33Mn;_Fe, O3 for (x = 0.00, 0.05 and
0.15). The samples were prepared by the standard ceramic
process. T¢ decreases swiftly by substituting Fe for Mn.
Moreover, there is cluster spin state in all investigated
samples. It is also found that the entropy change and
the relative cooling power during the phase transition
are reduced with the increase in Fe. These observations
indicate that the existence of Fe has the effect of weakening
ferromagnetism in the LEBMFO perovskite.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
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link to the Creative Commons license, and indicate if changes were
made.
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