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Abstract

In this work, we have investigated the magnetic and magnetocaloric properties of polycrystalline La, 75Bi 455t ,MnO; pre-
pared by sol-gel method. Structural analysis has shown that this compound crystallizes in the rhombohedral structure with
R3c space group. The magnetic study revealed that our sample exhibits a ferromagnetic—paramagnetic transition at 300 K.
A significant magnetocaloric effect in the vicinity of the room temperature was detected for this sample (for only 2T applied
field, the maximum of magnetic entropy change IASM®™|=1.75 J/kg K and the relative cooling power RCP=77.12 J/kg). The
obtained results suggest the possibility of using this compound as a magnetic refrigerant.

1 Introduction

Magnetic refrigeration is an ecofriendly cooling technology.
It does not use ozone-depleting chemicals, hazardous chemi-
cals, or gases characterized as greenhouse gases like chloro-
fluorocarbon (CFC) and hydrocarbon (HC). Most modern
refrigeration systems and air conditioners still use harmful
volatile liquid refrigerants. However, the magnetic refrig-
eration is rapidly becoming competitive with conventional
gas-compression technology because it offers considerable
operating cost savings by eliminating the most inefficient
part of the refrigerator (compressor). Magnetic refrigeration
is based on the magnetocaloric effect (MCE) which can be
described as a modification of one sample’s temperature due
to the adiabatic application of an external magnetic field.
Mixed valence manganites generally show important MCE,
indicating the possibility of using these compounds as mag-
netic refrigerants [1-8].

La, ¢St ,MnO; compound is one of the most studied man-
ganites due to its important physical properties, especially
a magnetic transition in the vicinity of room temperature
[8-16]. Previous studies were carried out on the structural,
magnetic and magnetocaloric properties of Lay gSr, ,MnO;

< A. Krichene
akramkri @hotmail.fr

Laboratoire de Physique des Matériaux, Faculté des Sciences
de Sfax, Université de Sfax, B.P. 1171, 3000 Sfax, Tunisia

2 Institut Néel, B.P. 166, 38042 Grenoble Cedex 9, France

polycrystalline compound prepared by sol-gel method [8].
This compound crystallizes in the rhombohedral structure
with R3c space group. The magnetic study has shown a fer-
romagnetic—paramagnetic transition with increasing temper-
ature at 7> =330 K, this value can even reach 370 K [9-11].
The T, value for La, ¢St ,MnO; compound seems to be very
sensitive to synthesis process as well as substitution [8§—16].
In our previous study, we have also investigated the effect
induced by partial substitution of lanthanum by other rare
earth elements (Ln=Sm, Eu, Gd, Dy and Ho) on the magne-
tocaloric response of La,, ¢St ,MnQO;. This substitution leads
to the decrease of the Curie temperature value near to room
temperature which gives birth to possible technological
applications [8]. Magnetic interactions for Lag ¢Sr, ,MnO4
compound were described by the 3D-Ising model [12]. Bis-
muth is one of the most diamagnetic elements. Despite the
fact that La>* and Bi** ions possess nearly identical values
of the ionic radius (~ 1.22 A) [17], the substitution of La by
Bi in manganites generally shows special properties [18-28]
due to presence of the 65> lone pair electrons of Bi**. Thus,
we have tried to add bismuth to La, ¢Sr;,MnOj; in order to
bring the magnetic transition to room temperature. In this
communication, we report the structural, magnetic and mag-
netocaloric study of La, ;5Bi (551, ,MnO5; compound.
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2 Experimental techniques

Polycrystalline La,, 75Big 551, ,MnO5 was synthesized from
high purity (99.9%, Sigma-Aldrich) precursors La,0;,
Bi,0;, SrCO; and MnOj; using sol-gel method according to
the following reactions:

0.375La, 05 + 0.251CO; + 0.025Bi,05 + MnO,
— Lag 75Big 5S15,MnO; + 0.2CO, + 0.20,

All precursors were mixed in stoechiometric proportions
with diluted nitric acid and the mixture was then heated to
80 °C to eliminate the excess of water. After 3 h, we added
ethylene glycol and citric acid to obtain the gel that was
dried at 300 °C and then calcinated at 600 °C for 20 h. The
obtained powder was ground in an agate mortar for 1 h then
pressed into pellets and sintered at 800 °C for 20 h. We have
repeat the last cycle (grinding, pelletizing and sintering)
at 1000 °C and 1200 °C for 20 h to obtain a single-phase
powder. The phase purity of our compound was confirmed
by X-ray diffraction (XRD) technique using CuKa radia-
tion. The chemical composition and the morphology of our
studied sample were studied using a JEOL 840 A scanning

electron microscopy (SEM). The magnetic measurements
were carried out using a vibrating sample magnetometer
(SQUID VSM from Quantum Design) under different
magnetic applied fields up to 7T in the temperature range
5-350 K. The MCE of our sample has been calculated using
thermodynamic equations.

3 Results and discussion
3.1 Structural and morphological properties

Figure 1 shows the energy-dispersive X-ray (EDX) of our
studied sample. EDX study confirms the presence of La, Bi,
Sr, Mn and O elements and the absence of other elements.
The inset of Fig. 1 shows the XRD pattern recorded at room
temperature for our sample. Using Rietveld refinement, we
have found that our sample is single-phased and crystallizes
in the rhombohedral structure with R3c space group. The
bismuth substitution did not induce a structural transition
comparing to parent compound La, 3Sr, ,MnO; [8]. Besides,
reliability factors for our refinement are y*>=2.82 and Bragg
R-factor=2.88, which confirms the refinement quality. The
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Fig. 1 Energy-dispersive X-ray of La, ;5Bi o551, ,MnO; compound. The inset shows the scanning electron micrograph and Rietveld refinement

for this sample
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Table 1 Refinement results for
Lag ¢Sry ,MnO; [8] samples

the Lagy;5Big5Sr),MnO; and

Compound Lag 75Big 05515 ,MnO; Lag ¢Sry ,MnO; [8]
a®) 5.542 5.531

c(A) 13.413 13.390

V(A% 356.743 354.747

Mn-O (A) 1.976(4) 1.972(2)
Mn-O-Mn (°) 161.83(4) 162.15(4)

Bragg F-Factor 2.88 3.38

Va 2.82 3.44

Dy (nm) 18.5 20

Dy (nm) 600 551

refinement results were summarized in Table 1. We can
notice that the structural parameters are very close to those
of parent compound. In fact, since La** and Bi** possess
similar radii, the substitution did not change neither the aver-
age ionic radius at A-site (rA), nor the cationic mismatch o2,
which gives similar structural parameters. SEM image for
our compound is shown in the inset of Fig. 1. In our case,
one can observe that the grains possess different sizes with
island-like shapes and that the grain boundaries are clearly
visible. The micrograph reveals that the surface of our sam-
ple is homogeneous. The average grain size is around
0.6 pm, this value is much larger than the one calculated
from the width of diffraction peaks using Scherrer relation

(Dgc = ﬂfﬁ= 18.50 nm) because, each grain is composed

of several crystallites due to the agglomeration induced by
high sintering temperature.

3.2 Magnetic and magnetocaloric properties

Temperature dependence of magnetization for
Lag 75Bij o551 ,MnO; compound (Fig. 2) has been carried
out using zero-field cooled (ZFC) and field cooled (FC) pro-
tocols under an applied field of 0.05T in the temperature
range 5-330 K. In ZFC process, the compound was cooled
from 330 to 5 K in the absence of magnetic field and then
the magnetization measurement was performed under 0.05T
when warming the sample from 5 to 330 K. In FC process,
the magnetization measurement was carried out under the
same magnetic field while cooling the sample from 330 to
5 K. The Lay, ;5Bi (551, ,MnO; compound shows a paramag-
netic-ferromagnetic transition with decreasing temperature
at Curie temperature 7 equal to 300 K. The bismuth substi-
tution decreases the Curie temperature from 330 K for the
parent compound [8] to 300 K. Therefore, our Bi based com-
pound exhibits a magnetic transition at room temperature,
which is crucial for technological applications. The decrease
of T~ can be ascribed to the weakening of ferromagnetic
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Fig.2 Temperature dependence of magnetization under an applied
magnetic field of 0.05T for La, ;5Bi 05S1),MnO; sample. The inset
shows the temperature dependence of the inverse of paramagnetic
susceptibility

interactions induced by the 6s* lone pair electrons of Bi**
ions [18-28]. To study the magnetic interactions in the para-
magnetic region, we have represented in the inset of Fig. 2
the temperature dependence of the inverse of paramagnetic
susceptibility for our compound. We have noticed that the

Curie-Weiss law (y~! = T_e*’) is well respected in the para-

C

magnetic phase for our sampple through the linear shape of
! above T. Experimental and theoretical effective para-
magnetic moments ,uzgp and ygf‘f are determined from the
following relations:

NMIZS exp 2
Cp = %(”eff ) ()

th __
Heg =

@

where kg is Boltzmann constant, N is the number of mag-
netic moment carriers, ug is the Bohr magnetron and y; is
the magnetic moment of the ion i with the fraction y;. Using
relations (1) and (2), we have obtained y_;’ =6.88uy and
,ug;f=4.71 ug. It is relevant that the experimental value is
larger than the theoretical one indicating the presence of
some magnetic ordering just above 7. We have presented in
Fig. 3 the magnetic field dependence of magnetization in the
vicinity of 7. for our sample. The M(H) curves indicate that
the ground state of our compound is ferromagnetic below
Tc. For temperature values well above T, the compound is
paramagnetic and the magnetization curves become linear.
However, it should be noted that just above T, the curves
do not exhibit the conventional linear behavior, testifying
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Fig.3 Magnetic field dependence of magnetization at several values
of temperature for La ;5Bi sSr, ,MnO; sample
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Fig.4 Evolution of magnetic entropy change as a function of
temperature under several values of applied magnetic field for
Lag 75Bij o551y ,MnO; sample

the presence of some ferromagnetic interactions above T,

which is in agreement with the difference between ,uzgp and

th
#eff'

The magnetic entropy change AS, was calculated from
Maxwell’s relation and isothermal magnetization measure-
ments. AS can be defined using the following equation [29]:

M., (T, .H) — M(T,,H
AS(T,H) — Z t+1( i+1 ) ( )AH

where M; and M, are the experimental values of magneti-
zation measured at temperatures 7; and T}, ,, respectively,
under an applied magnetic field H. Figure 4 shows the vari-
ation of (— AS) as a function of the temperature for different
magnetic field values up to 7T for the La, ;5Bi 4551, ,MnO;
compound. All the curves exhibit a peak around 7, and the
maximum value increases with increasing the applied field.
We can observe that the values are significant for our sample
at the room temperature (7-=300 K), which suggests the
possibility of using this sample in the magnetic refrigera-
tion field. To evaluate the MCE, we can estimate the relative
cooling power (RCP) according the following equation:

RCP = —ASM™ X § Trwim “)

where 8Ty is the full width at half maximum of the mag-
netic entropy change curve. We have regrouped in Table 2
the values of T¢, — ASM™, §Trywy and RCP under 2T and
4T applied magnetic fields for parent compound [8] as well
as our Bi substituted compound. We have noticed that the
substitution lanthanum by Bi** ions increases RCP values
at the room temperature and enhance the MCE. Thus, our
sample can be considered as a good candidate in the field of
magnetic refrigeration at the room temperature. It is note-
worthy that substitution reduces the maximum of (—AS)
compared to the parent compound, which can be explained
by the weakening of ferromagnetic interactions induced
by Bi** ions. However, the increase of transition width
(6Trwpw) gives significant values of RCP near room tem-
perature. To identify the nature of the magnetic transition in
the case of our Bi based specimen, we have tried to get the
phenomenological universal curve that can be constructed
by normalizing all the AS curves (AS/ASM®) and rescaling
the temperature axis above and below 7 using the following
relations [30]:

0= { —(T-To)/Ty—Tc);, T<T¢

(T =TTy = Te); T> T, )

where 7, and T,, are the temperatures of the two reference
points corresponding to AS=ASM®/2. Figure 5 shows that
the variation of AS/ASM® as a function of rescaled tempera-
ture 6 nearly exhibits the same shape for different field val-
ues up to 7T. This behavior proves that the magnetic phase
transition is of second order for the La, ;5B o551r) ,MnO;
compound.

3)
7 T + T,
Table2 T, ASM™ Mo
’ i S 1 T- (K —AS J/kg K ST, K RCP (J/k
8T ewm> and RCP values for ampe c®) ke K) Fwim (K) Wke)
Lag ;5Big ¢5S1) ,MnO; and 2T 4T 2T 4T 2T 4T
Lag ¢Sry ,MnO; [8] samples
under 2 T and 4 T applied La, ¢St ,MnO; [8] 330 1.99 3.69 34.71 36.60 69.07 135.04
magnetic fields Lay 75Bi 0551y ,MnO; 300 1.75 3.41 43.99 52.86 77.12 180.16
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Fig.5 Normalized entropy change as a function of the rescaled tem-
perature 6 for La,, ;5Bi (sSr, ,MnO; sample

4 Conclusion

Laj 75Bij ¢sSry ,MnO; bulk manganite, synthesized by
sol—gel technique, is characterized by a significant MCE at
room temperature. A considerable RCP value was recorded
for our compound (77.12 J/kg under an applied magnetic
field of 2 T), suggesting the possibility of using this com-
pound for magnetic refrigeration field at room temperature.
The 6s° lone pair of Bi ions seems to play a crucial role in
the magnetic response of the studied sample.
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