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ABSTRACT

In this present work, the structural, magnetocaloric and magnetic properties of Lao7Sro2Bap1MnO3; (LSBM) manganite were
investigated. The material was synthesized using the sol-gel method and X-Ray Diffraction (XRD), Scanning Electron
Microscope (SEM) devices were used to analyze structural properties such as crystal structure and surface morphology. XRD
measurement revealed that the crystal structure of LSBM manganite is hexagonal. Based on the magnetic measurements, the Tc
value of Lag7Sro2Bao1MnOs; manganite compounds was calculated as 362 K. The ASw value of sample is established as 2.79
Jkg-1K-1 in an applied magnetic field of 5T. Arrott curves revealed that the phase transition was second order.
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1. INTRODUCTION

As a result of increasing expectations regarding climate change, population growth and living comfort, energy demands for
cooling technologies are increasing worldwide. In addition to the increasing energy demand, it becomes necessary to develop
new technologies that can replace the cooling systems that are widely used today. These systems in current use have low energy
efficiency and are known for consuming significant amounts of energy. Moreover, the use of high vibration compressors in these
systems causes noise pollution and more energy consumption. In addition, the refrigerants used in these systems cause
environmental pollution [1, 2].

Magnetic cooling (MC) is an alternative cooling technology that can operate without gas-based coolers. Compared to gas
compression systems, they have advantages such as not containing environmentally harmful cooling materials, being more
efficient, compactness, and operating without noise and vibration [3, 4]. Although it has been heard by everyone for a long time,
magnetic cooling technologies cannot yet be used as a potential cooling method in our daily life and industrial areas. The basis
of MC systems is based on the MCE principle [5]. MCE is defined as the change in temperature of a magnetic material under an
external magnetic field [6, 7]. MCE covers two fundamental processes: adiabatic temperature change (ATad) and magnetic
entropy change (ASw). The important requirement for MC technologies is that these two parameters have high values around
room temperature. While various material families are being investigated for this purpose, manganites are promising due to their
low costs, high resistivity, reduced eddy-current-loss compared to metallic alloys, simple production methods and second-order
phase transition [8]. Additionally, the fact that magnetic phase transition temperatures can be adjusted through doping makes
these materials stand out [8, 9]. This work presents the structural, magnetocaloric and magnetic properties of LSBM sample and
provides detailed analysis and measurements to reveal the properties of this material.

2. MATERIAL AND METHOD

In the production of magnetic materials with high magnetocaloric effect, doping elements and amounts are also of great
importance, as well as the material production method [10, 11]. Among various methods, the sol-gel method was preferred due
to its advantages such as obtaining finer and homogeneously dispersed particle sizes.

Firstly, the stoichiometric amounts of the starting compounds were calculated. Then, aqueous solutions of each compound
were prepared and mixed with a magnetic stirrer. Ethylene glycol and citric acid are added to the solution in appropriate
proportions to obtain the gel structure. The material obtained in gel form was subjected to heat treatment in the oven at 450°C
for 1 hour in order to be removed from the beaker properly. The obtained powder sample was calcined at 600°C for 6 hours to
remove organic compound residues. Then, the samples were ground in an agate mortar for a total of 60 minutes with 6 grinding
sessions of 10 minutes each. The powdered samples were turned into tablets using a hydraulic press. As a final process, the
materials were sintered in a cylindrical oven at 1200 °C for 24 hours to crystallize.
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The structural analysis of the produced manganite compound was carried out by XRD and SEM measurements. Diffraction
patterns of the manganite compound were analyzed in HighScore Plus programs. Additionally, magnetic properties are
evaluated using the PPMS Dynacool 9T instrument to determine key parameters such as Curie temperature, type of magnetic
phase transition and ASy values.

3. RESULTS AND DISCUSSION

XRD method was used to understand the structural properties of the synthesized samples. According to the XRD curve given
in Figure 1, the presence of sharp and narrow-based peaks indicates that crystallization has occurred well. The fact that the
FHWM value for the 26 = 32.576 peak is 0.25279 supports this. Based on the XRD results, our manganite compound is classified
under R-3c space group and exhibits a hexagonal structure. The lattice parameters were obtained using the HighScore Plus
program, where a = 5.5100, b = 5.5100 and ¢ = 13.3880 A, respectively. It was determined that the observed peaks were
compatible with the reference code (98-018-7646)[12]. Additionally, the XRD pattern of the compound did not exhibit any peaks
associated with undesirable phases. This absence indicates that the synthesis process was successful in obtaining the desired
material without significant impurities.
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Figure 1. XRD pattern of LSBM manganite.

Scanning Electron Microscope (SEM) technique has been selected to obtain a grain structure image to analyze morphological
features of the the sample. SEM images taken at 5, 10, 20 and 40 kX magnifications are given in Figure 2. When the SEM images
of the compound are examined, many volumetric particle structures are revealed. These structures exhibit a wide range of
different sizes and polygonal shapes, each distinctly separated from each other.

Figure 2. SEM images of LSBM manganite taken at different magnifications; (a) 5 kX, (b) 10 kX, (c) 20 kX and (d) 40 kX
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The transition temperature value of the material has been identified using the M(T) curves, and the magnetocaloric features
have been examined based on the isothermal magnetization curves obtained in the vicinity of this determined temperature. M(T)
measurements have been performed under Field Cooling (FC) and Zero Field Cooling (ZFC) mode. In Figure 3, we observe the
temperature-induced magnetization changes in a low magnetic field value of 10mT for both the ZFC and FC processes. While
the M(T) curves obtained in the ZFC and FC steps behave similarly at temperatures above Tc, they diverge in the low-temperature
range. This distinction between ZFC and FC steps is related to consepts such as spin glass like behavior, long-range or short
range magnetic interaction in the material and the magnitude of its magnetic anisotropy [13, 14]. By examining the dM/dT-T
curve, the temperature at which it reachs its minumum point signifies the Tc for this sample. The sample did a transition from
ferromagnetic to paramagnetic at Tc=360 K.
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Figure 3. The M(T) curves of the LSBM manganite subjected to a 10 mT magnetic field in both ZFC and FC modes. Inset
figures display (dM/dT)-T curves of the sample.

After determining the magnetic phase transition temperature, isothermal magnetization measurements, M(H),  were
conducted in the vicinity of that temperature region. Measurements were taken from 254 K to 378 K, with a 4 K increment, as
illustrated in Figure 4. M(H) curves exhibit transitions from saturated curves in the ferromagnetic region to linear curves in the
paramagnetic region as the temperature increases. This observation suggests a shift in magnetic behavior from one dominated
by ferromagnetic alignment, where the magnetic moments of atoms align parallel to each other resulting in saturation of
magnetization, to one characterized by paramagnetic behavior, where the alignment becomes disordered with increasing
temperature, leading to a linear relationship between magnetization and magnetic field.
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Figure 4. M(H) curves of LSBM at 4K temperature steps around Tc temperature.

46



Eurasian J. Sci. Eng. Tech. 5(1): 044-049

STRUCTURAL, MAGNETIC AND MAGNETOCALORIC PROPERTIES OF Lao.7Sro.2BagiMnOs MANGANITE

Isothermal magnetic entropy change, ASw, serves a crucial parameter for characterizing the magnetocaloric properties of a
magnetic material. The values of ASy were determined by performing a series of calculations on the isothermal M(H) curves,
which are given in Figure 5. The ASy as a function of temperature curves showed a peak around the Curie temperature region,
as expected. Moreover, the ASy values increased with increasing applied field strengths. This observation is consistent with the
behavior typically exhibited by magnetic materials undergoing phase transitions, where the ASy tends to peak around the critical
temperature and shows dependence on the applied magnetic field strength. The ASw values corresponding to various applied
magnetic fields are listed in Table 1.

3.0

—— -1 -1
17T 279 skg 'K '~ LSBM
2T
25 3T 2,
° 4T y
—~ 20 5T /@ ?
% ¢ o e %
hCe LA L]
D 154 g A ’
?_ % 4 L
o o
S i AP » ? °
»n 104 ’ pe 7
-:-‘ = ‘ o0 o s "o. ao
E o'.c;"."oe"o“o," El a' "
g ‘o",o o ",oa‘o PO
% 0,0%9° P 0.
.'0000‘00000000' v
0,04

260 280 300 320 340 360 380
T (K)

Figure 5. The magnetic entropy change curves of LSBM compound at different field values.

Table 1. ASu values obtained under different applied magnetic fields.

ASw (JkgKD)
Sample Te (K)
1T 2T 3T 4T 5T
LSBM 0.89 1.52 2.01 2.24 2.79 360

Figure 6 displays Arrott measurements conducted to determine the type of magnetic phase transition of our manganite
compound. Curves can exhibit positive or negative slope. In the case where the Arrott curve exhibits a positive slope, as observed
in our material, it indicates a second-order magnetic phase transition [15]. The positive slope of the Arrott curve suggests that
the material undergoes a gradual transition from one magnetic phase to another, without the formation of domain walls or the
release of latent heat, which are characteristic of first-order phase transitions [16].
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Figure 6. Arrott curves of LSBM manganite.
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4. CONCLUSION

In the present study, Lag7Sro2BapiMnOs; manganite was synthesized using the Sol-Gel method. The structural,
magnetocaloric and magnetic properties of the synthesized this compound were examined in detail. XRD analysis revealed that
the compound crystallized in the R-3c space group, exhibiting a hexagonal structure. SEM images taken at magnifications of 5,
10, 20 and 40 kX revealed volumetric particle structures of various sizes and polygonal shapes. Measurements of magnetization
as a function of temperature indicated that as the temperature decreased, the sample transitioned from a ferromagnetic state to a
paramagnetic state. To determine ASw values, isothermal magnetization measurements were made around the transition
temperature of the sample, where the magnetization change is maximum. As a result of magnetic studies, it was determined that
the Tc temperature of our manganite was 360 K and the ASw value under a 5T changing magnetic field was 2.79 Jkg*K™.
Furthermore, it is understood from the Arrott curves that the sample has a second-order magnetic phase transition.
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