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Abstract

In this paper, the prediction of magnetic and magnetocaloric properties of Lag7(Sr,Ba)o3MnO3; (LSBMO) compound have been conducted
using a phenomenological model. Indeed, the investigation of magnetic properties has revealed that the sample exhibits a paramagnetic to
ferromagnetic phase transition. Interestingly, the Curie temperature (7¢) was found to decrease from 322 to 300 K with the decrease of magnetic
fields. Moreover, the magnetocaloric data displays a large value of the magnetic entropy change, 1.5 J kg~ ' K~ ' under an applied magnetic field
change of 20 kOe, which increases with the increase of the applied magnetic field, making it a promising compound for ecologically-friendly
magnetic refrigeration at room temperature. Finally, the construction of the universal curve of the magnetic entropy change proves that the studied

manganite undergoes a second order magnetic phase transition.
© 2015 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction

In recent years, magnetic materials exhibiting the so-called
magnetocaloric effect in the vicinity of room temperature have
received much attention in view of their possible practical
applications [1-3]. The magnetocaloric effect (MCE) is the
working principle of the magnetic refrigeration technology,
which is more energy efficient and environmentally friendly
compared to the conventional vapor-compression-based refrig-
eration. At present, the magnetic refrigeration around room
temperature is of particular interest owing to the potential
impact not only on energy savings but also on the environment
(the desire to eliminate the chlorofluorocarbons present in high-
temperature gas-cycle systems). The key in using magnetic
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refrigeration at room temperature is to seek the proper material,
whose Curie temperature is near room temperature, and which
can produce a large entropy variation when it goes through a
magnetization—demagnetization process [4,5]. The MCE of
Lay 7Sr5.3MnO3; compound, which posses a ASmaxL of 3.84]
kg ' K~' at 346 K under a magnetic field of 13.5 kOe, has
been reported earlier by N. Luong et al. [6]. In this context, the
main objective of the present work is to tune the magnetoca-
loric effect to room temperature with the substitution of 50% of
Sr by Ba.

In the current work, theoretical work on magnetization
versus temperature for the Lag;(Sr,Ba)o3MnO3; compound at
different magnetic fields is presented. A phenomenological
model for the simulation of magnetization dependence on
temperature variation is used to predict magnetocaloric proper-
ties such as magnetic entropy change, relative cooling power
and heat capacity change.
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2. Theoretical considerations

Based on a phenomenological model, described in [7], the
dependence of magnetization on the variation of temperature is
presented by:

M= (1"1;1"4‘) tanh[A(T¢c —T)]+BT +C (1)

where:

® M/M;is an initial/final value of magnetization at ferromag-
netic—paramagnetic transition as shown in Fig. [;
® B is magnetization sensitivity (dM/dT) at ferromagnetic

state before transition;
— 2B=30).
.A_.Mf—M/’ o 4 .
® Sc is the magnetization sensitivity d%’ at Curie temperature
Tc;
o C=("4") BT

The changes of entropy, which result from spin ordering, are
induced by the variation (A(uoH)) of the applied field from O to
uoH. In order to evaluate the MCE, they can be calculated
using the following expression [8]:

ASy = { —A (@) sech’[A(T¢—T)] +B},uonax (2)

The finding of a large magnetic entropy change is accredited to
high magnetic moment and rapid change of magnetization near
Tc. A result of Eq. 2, which is a maximum magnetic entropy
change ASy.x (Where T=T¢) can be evaluated by the follow-
ing equation [9]:

M;—M;
ASmax = |:_A< B f) +B:| :uOHmax (3)

Eq. 3 is important because the value of the magnetic entropy
change allows evaluating the magnetic cooling efficiency. The
relative cooling power is the negative of the product of the
maximum magnetic entropy change and the full-width at half-

Magnetization (a.u.)

S

Temperature(K)

Fig. 1. Temperature dependence of magnetization for Laj;(Ba, Sr)o;MnO;
compound under constant applied field.
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maxima (67 pwup) can be carried out as follows [8,9]:
2 | 2A(M;—My)
6T =—sech|/——————— 4
FWHM Asec A(M;—M;)+2B 4)

The most meaningful parameter that provides a measure of the
effectiveness of magnetic materials for the applications in
magnetic refrigeration is the relative cooling power (RCP)
[10—12]. RCP is a measure of the quantity of heat transferred
by the magnetic refrigerant in one ideal cycle and it is
expressed as follows:

RCP = —6Trwum X ASmax (T, .u()Hmax)

B
= (M,- —M;—2 X) ttoHmax

2A(M; —My)
AM;—My)+2B
The change of specific heat associated with a magnetic field
variation from zero to uyH is given by [13-15]:

ACP(T’ )uOH) = CP(Ts )uOH) - CP(Ta 0)

. 0[ASu(T, peH))]
= Ta—T (6)

According to this model, AC,(T, uyH) can be rewritten as

X sech

®)

AC)(T, poH) = —TA? (M; — M) sech’[A(T ¢ — T))tanh[A(T ¢ — T)]pto Himax

™)

3. Simulation

In order to apply the proposed phenomenological model,
numerical calculations were carried out with parameters as
displayed in Table 1. Fig. 2 shows the temperature dependence
of magnetization M(T) in different applied magnetic fields for
Lay;(Sr, Ba)o3sMnO3 (LSBMO) compound. While the solid
lines represent modeled data using model parameters given in
Table 1, the symbols represent the experimental data. It is
noteworthy to mention that there is a good agreement between
the experimental and the calculated results. The M(T) curves
reveal that the LSBMO (1 < ppH < 50 kOe) sample exhibits a
magnetic transition from ferromagnetic state to paramagnetic

Table 1
Model parameters for Lag;(Ba, Sr)o3sMnO;z; compound in different applied
magnetic fields.

HoH M; My Tc B Sc

(kOe)  (emu/g) (emu/g) (K) (emu g’1 K™Y (emu g’1 K™Y
1 30.5 8.48 300 —0.12 —0.93

5 32.17 12.82 303 —0.14 —0.72

10 34.36 13.63 309 —0.16 —0.62

20 36.86 12.13 315 —0.17 —0.54

30 37.61 17.76 313 —0.16 —0.45

40 38.15 18.68 318 —0.17 —0.41

50 38.43 19.56 322 —0.16 —0.41
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