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The Magnetic Entropy Change on La0.7Ba0.3Mn1-xFexO3 Compound
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The magnetocaloric effect and magnetization behavior have been analyzed in the double-perovskite

La0.7Ba0.3Mn1-XFeXO3 compound with the sintering temperature at 1273 K. Samples were fabricated by the

conventional solid-state reaction method. X-ray diffraction measurement revealed that all the samples had a

single phase in orthorhombic. Detailed investigations of the magnetic entropy behavior of the samples were dis-

cussed with the variation of TC. The magnetic entropy changes, ΔSM of approximately 0.36-1.14 J/kg K were

obtained in the temperature range of 145-350 K for the La0.7Ba0.3Mn1-XFeXO3 compound. The enhancement of

the magnetic entropy change is believed to be due to changes in the microstructure, which changes the mag-

netic part of the entropy of a solid around the magnetic ordering temperature.
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1. Introduction

The magnetic caloric effect (MCE) is intrinsic to mag-

netic solids and is induced via the coupling of the

magnetic sub-lattice with the magnetic field, which alters

the magnetic part of the total entropy due to a corre-

sponding change in the magnetic field. It can be measured

and calculated as the adiabatic temperature change ΔTad
(T, ΔH) or as the isothermal magnetic entropy change
ΔSM (T, ΔH) [1]. Traditionally, diluted paramagnetic slats
and rare earth intermetallic compounds that display significant

MCE have been considered as attractive materials for

cryogenic applications [2, 3]. Especially, double perovskite

La0.7Ba0.3Mn1-xFexO3 demonstrates room temperature mag-

neto-resistance and a ferrimagnetic phase transition with a

Curie temperature of 145-350 K [4-7]. Therefore, it would

be very interesting to study the magnetocaloric effect for

this kind of material because of the Curie temperature

being near room temperature. We have already published

reports on the magnetocaloric effect of the Ba1.9La0.1FeMoO3

compound [8]. The magnetic entropy change can be tuned

by a suitable sintering process. In this work, the magneto-

caloric effect of the La0.7Ba0.3Mn1-xFexO3 compound was

investigated. Materials with proper Curie temperature and

large spontaneous magnetization have many peculiar pro-

perties that are attractive for applications as magnetic

refrigerants [9-11].

2. Experiments

Polycrystalline La0.7Ba0.3Mn1-xFexO3 (x = 0.0, 0.01, 0.02,

0.03, 0.04, 0.05, 0.06, 0.07) samples were prepared by a

standard solid-state reaction in a stream of 5% H2/Ar gas

at a sintering temperature of 1273 K for 12 hrs. After

sintering a stoichiometric mixture of high purity Fe2O3

(99.99%), FeO3 (99.99%), BaO3 (99.99%) and MnO2

(99.999%) powders were fired in an Al2O3 crucible at

1573 K in an electric furnace. X-ray diffraction patterns

were taken with a Phillips diffractometer using Cu Kα
radiation. The temperature dependence of the magneti-

zation was measured with a commercial vibrating sample

magnetometer (VSM) at various temperatures from 80 K

to 500 K in fields up to 10 kOe.

3. Results and Discussion

On the basis of the thermodynamic theory, the magnetic

entropy change caused by the variation of the external

magnetic field from 0 to Hmax is given by

 (1)ΔSM =  
0

H
max

∫
∂S
∂H
-------⎝ ⎠
⎛ ⎞

T

dH
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From the Maxwell’s thermodynamic relationship:

 (2)

Eq. (1) can be rewritten as follows :

 (3)

Numerical evaluation of the magnetic entropy change was

carried out from formula (3) using isothermal magneti-

zation measurements. In spite of magnetization measure-

ments at small discrete field and temperature intervals,

ΔSM can be computed approximately from Eq. (3) by

∂S
∂H
-------⎝ ⎠
⎛ ⎞

T

 = 
∂M
∂T
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⎛ ⎞

H

ΔSM =  
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max
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Fig. 1. X-ray diffraction patterns for the La0.7Ba0.3Mn1-XFeXO3

(x = 0.0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07) compound

sintered at 1273 K.

Fig. 2. (Color online) Temperature dependence of magnetiza-

tion for measure at 100 Oe on the La0.7Ba0.3Mn1-xFexO3 (x =

0.0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07) compound.

Fig. 3. Curie temperature of composition for measure at 100

Oe on the La0.7Ba0.3Mn1-xFexO3 (x = 0.0, 0.01, 0.02, 0.03,

0.04, 0.05, 0.06, 0.07) compound.

Fig. 4. (Color online) Top panel: Isothermal magnetization curves

in the vicinity of Curie temperature for the La0.7Ba0.3Mn1-xFexO3

(x = 0.02) compound sintering at 1273 K. Bottom panel: The

H/M versus M2 plots for the isotherms of the La0.7Ba0.3Mn1-xFexO3

compound sintering at 1273 K.
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 (4)

Thus, the magnetic entropy changes associated with ap-

plied field variations can be calculated from Eq. (4).

Figure 1 presents the X-ray diffraction patterns for the

La0.7Ba0.3Mn1-XFeXO3 compound sintered at 1273 K. It

revealed that all La0.7Ba0.3Mn1-xFexO3 samples had a single

phase with an orthorhombic structure, and there are no

additional diffraction peaks related to the initial powders.

Figure 2 shows the temperature dependence of magneti-

zation for the La0.7Ba0.3Mn1-xFexO3 compound measured

at 100 Oe from 80 K to 500 K. The magnetic transition

temperature, Tc is defined as the minimum temperature of

the dM/dT vs. T curve [12]. The sharp decrease in magneti-

zation implies the occurrence of magnetic ordering [13].

As shown in Fig. 3, the Curie temperature decreased from

346 to 132 K with increasing Fe concentration. 

The top panel of Figs. 4-6 demonstrates the isothermal

magnetization curves in the vicinity of Curie temperature

for the La0.7Ba0.3Mn1-xFexO3 (x = 0.02, 0.04, 0.05) compound

sintering at 1273 K. To determine the type of the phase

transition for the La0.7Ba0.3Mn1-XFeXO3 compound, the

measured data for the M-H isotherms were transferred

into H/M versus M2 plots and displayed in the bottom

panel of Figs. 4-6. According to the Banerjee criterion,

the negative slope in H/M versus M2 plots means that the

ferromagnetic to paramagnetic phase transition is first

order [14]. As shown in Fig. 4, the negative slopes in the

lower M2 region, implies that this sample belongs to the

materials displaying a first-order transition. Figure 7 pre-

sents the temperature dependence of the magnetic entropy

change for the La0.7Ba0.3Mn1-xFexO3 compound with an

external field of 10 kOe. The magnetic entropy change, a

ΔSM  =  
i

∑
Mi Mi 1+–

Ti 1+ Ti–
------------------------ΔH

Fig. 5. (Color online) Top panel: Isothermal magnetization curves

in the vicinity of Curie temperature for the La0.7Ba0.3Mn1-xFexO3

(x = 0.04) compound sintering at 1273 K. Bottom panel: The

H/M versus M2 plots for the isotherms of the La0.7Ba0.3Mn1-xFexO3

compound sintering at 1273 K.

Fig. 6. (Color online) Top panel: Isothermal magnetization curves

in the vicinity of Curie temperature for the La0.7Ba0.3Mn1-xFexO3

(x = 0.05) compound sintering at 1273 K. Bottom panel: The

H/M versus M2 plots for the isotherms of the La0.7Ba0.3Mn1-xFexO3

compound sintering at 1273 K.
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function of temperature and magnetic field, produced by

the variation of the magnetic field from 0 to Hmax is

calculated by Eq. (4). As can be seen in Fig. 7, with a

magnetic field varying from 0 to 10 kOe, ΔSM, is approxi-
mately 0.36-1.14 J/kg K. Our results show that the maximum

value of ΔSM obtained at the x = 0.02 compound. Especial-
ly, the magnetocaloric effect takes place around room

temperature about 300 K. The interesting features of this

compound make it a working material in room temperature

magnetic refrigeration due to the proper substitution of

Fe. This, most likely, opens promising applications in

magnetic cooling systems.

4. Conclusion

The magneto-caloric effect and magnetization behavior

have been analyzed in the double-perovskite La0.7Ba0.3-

Mn1-xFexO3 compound with a sintering temperature of

1273 K. X-ray diffraction measurements revealed that all

the samples had a single phase in orthorhombic. The

magnetic entropy changes, ΔSM of about 0.36-1.25 J/kg K
were obtained in the temperature range of 145-350 K.

The maximum values of ΔSM obtained at the x = 0.02

compound with Curie temperature of 297 K. Compared

with Gd and other candidate materials, these oxide materials

are much easier to fabricate and possess higher chemical

stability, which is beneficial for many application fields.

Acknowledgment

This research was supported by Basic Science Research

Program through the National Research Foundation of

Korea (NRF) founded by the Ministry of Education,

Science and Technology (2010-0113155). 

References

[1] G. K. Nicolaides, G. C. Hadjipanyis, and K. V. Rao, Phys.

Rev. B 48, 12759 (1993). 

[2] V. K. Pecharsky and K. A. Gschneidner, Jr, J. Appl.

Phys. 86, 565 (1999).

[3] M. Földeàki, R. Chahine, and T. K. Bose, J. Appl. Phys.

77, 3528 (1995). 

[4] C. Zener, Phys. Rev. 81, 440 (1951).

[5] P. G. Radaelli, D. E. Cox, M. Marezio, S. W. Cheong, P.

E. Schiffer, and A. P. Ramirez, Phys. Rev. Lett. 75, 4488

(1995). 

[6] C. X. Huu, N. Chau, N. D. The, and N. Q. Hoa, J. Kor.

Phys. Soc. 53, 763 (2008).

[7] N. Chau, D. T. Hanh, B. C. Tinh, N. H. Luong, N. D.

Tho, and N. H. Hai, J. Kor. Phys. Soc. 52, 1431 (2008).

[8] M. S. Lee, C. M. Heo, K. S. Kim, B. S. Kang, S. C. Yu,

Y. S. Kim, J. Y. Kim, and B. W. Lee, J. Kor. Phys. Soc.

57, 1897 (2010).

[9] X. X. Zhang, J. Tejada, Y. Xin, G. F. Sun, K. W. Wong,

and X. Bohigas, Appl. Phys. Lett. 69, 3596 (1996).

[10] Z. M. Wang, G. Ni, Q. Y. Xu, H. Sang, and Y. W. Du, J.

Appl. Phys. 90, 5689 (2001).

[11] M. H. Phan, S. B. Tian, S. C. Yu, and A. N. Ulyanov, J.

Magn. Magn. Mater. 256, 306 (2003).

[12] Z. B. Guo, Y. W. Du, L. S. Zhu, H. Huang, W. P. Ding,

and D. Feng, Phys. Rev. Lett. 78, 1142 (1997).

[13] H. L. Ju, J. Gopalakrishnan, J. L. Peng, Q. Li, G. C. Xiong,

T. Venkateasan, and R. L. Greene, Phys. Rev. B 51, 6143

(1995).

[14] S. K Banerjee, Phys. Lett. 12, 16 (1964).

Fig. 7. (Color online) Temperature dependence of the magnetic
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