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Abstract

Magnetocaloric properties of La
0.666

Sr0.373Mn0.943Cu0.018O3 (LSMCO) perovskite (such as magnetic entropy
change, full-width at half-maximum, relative cooling power and magnetic specific heat change) at applied
magnetic field of 0.05 T were calculated using the phenomenological model. The results indicate the prospec-
tive application of LSMCO due to high magnetocaloric effect near the Curie temperature. Furthermore,
the magnetocaloric properties of LSMCO sample are comparable with magnetocaloric properties of MnAs
film, La1-xCdxMnO3 and La1.25Sr0.75MnCoO

6
, and significantly larger than that of Gd1-xCaxBaCo2O5.5 and

Ge0.95Mn0.05. It is recommended that magnetocaloric effect of LSMCO can be used as a promising practical
material of an apparatus based on the active magnetic regenerator cycle.
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I. Introduction

The modern refrigeration founded on the magne-

tocaloric effect (MCE) or electrocaloric effect is veri-

fied as a potential alternative technology to traditional

refrigeration [1–14]. This is due to its high effective-

ness, small size, energy saving and ecologically accept-

able technology. The magnetic cooling refrigeration is

based on the MCE applied to a variety of ferromagnetic

materials named magnetocaloric materials. The charac-

terization and application of the ferromagnetic materials

become gradually more significant for the level of their

reliability [15–17]. Especially, manganites with the for-

mula R1-xTxMnO3, where R is a rare earth atom (La,

Pr, Nd, etc.) and T is an alkaline earth element (Sr, Ca,

Ba, etc.), feature easy preparation, high chemical sta-

bility, small magnetic hysteresis, and high electrical re-

sistivity that allows for a low eddy-current loss at high

frequencies. Moreover, the perovskite manganites may

have tunable Curie temperature (θC) and saturation mag-

netization through doping and can be potentially ap-

plied for magnetic refrigeration around room tempera-

ture [18]. In these manganites, the ratio of Mn3+/Mn4+

is the most important factor to determine the metal to in-
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sulator and ferro to paramagnetic transitions in mangan-

ites [18]. Among the lanthanum-based manganites, the

La0.666Sr0.373Mn0.943Cu0.018O3 (LSMCO) has a promi-

nent position as heating mediator for magnetic hyper-

thermia [19]. Consequently, from a practical point of

view, it is important to study MCE of LSMCO in order

to determine its employment.

In this paper, magnetocaloric properties of LSMCO

were simulated. The phenomenological model for sim-

ulation of magnetization as function of temperature [20]

was used to investigate magnetocaloric properties near

phase transition, such as magnetic entropy change, spe-

cific heat change, temperature change, and relative cool-

ing power.

II. Theoretical considerations

Temperature dependence of magnetization under

constant applied field is shown in Fig. 1. It is well known

that complete alignment of all electrons spins is possi-

ble only at low temperatures. An increase of tempera-

ture in the beginning causes a slow decrease of magne-

tization and then a drop until a critical temperature θC
is reached (Fig. 1). Above θC , the specimen is no longer

ferromagnetic and becomes paramagnetic. Such a coop-

erative process may be readily understood from thermo-

dynamic reasoning, since the additional entropy associ-
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Figure 1. Temperature dependence of magnetization under
constant applied field (T i and T f indicate the onset and

finalization of the phase transition)

Figure 2. Magnetization versus temperature for LSMCO in
applied field of 0.05 T (the dashed curve is modelled result

and symbols represent experimental data [19])

ated with disorder of electron spins makes disordered

(paramagnetic) state thermodynamically more stable at

high temperatures.

In the previous paper [20] the phenomenological

model, describing magnetization (M) as function of

temperature (T ) and the Curie temperature (θC), was de-

veloped. The model can also be used for calculation of

a magnetic entropy change (∆S M) of a magnetic sys-

tem under adiabatic magnetic field variation, as well as a

maximum magnetic entropy change ∆S max (for T = θC)

[20]:

∆S max = Hmax

(

−A

(

Mi − M f

2

)

+ B

)

(1)

In addition to the magnetic entropy change, relative

cooling power (RCP) and magnetic specific heat change

(∆CP,H) are important, as they can also be used to eval-

uate magnetocaloric effect near the Curie temperature

and prospective application of a material in an apparatus

based on the active magnetic regenerator cycle. A rela-

tive cooling power (RCP) is described by the following

equation [20]:

RCP = −∆S max × δTFWHM (2)

where δTFWHM is a full-width at half-maximum of mag-

netic entropy change curve and is given by [20]:

δTFWHM =
2
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Finally, the magnetization-related change of the spe-

cific heat (∆CP,H) can also be calculated form the phe-

nomenological model [20] and is given by:

∆CP,H = −T A2(Mi−M f ) sech2(∆T ) tanh(∆T )Hmax (4)

where ∆T = A(θC − T ).

III. Results and discussion

Figure 2 shows magnetization of LSMCO as func-

tion of temperature in 0.05 T magnetic field, where the

symbols represent experimental data [19]. The dashed

curve characterizes the modelled data using model pa-

rameters given in Table 1. It can be seen that the re-

sults of calculations are in a good agreement with the

experimental results. Figures 3 and 4 show modelled re-

sults for changes of both magnetic entropy |∆S M | and

specific heat ∆Cp as functions of temperature, respec-

tively. The maxima observed in the |∆S M | curve may be

related to a spin reorientation that occurs continuously

[21]. This spin reorientation occurs due to the combined

effects of spin-orbit coupling and momentum scattering

in manganites [22]. In addition, ∆S M of manganites re-

lies on a strong spin lattice coupling in the magnetic or-

dering process which would lead to an additional mag-

netic entropy change near θC [6]. The values of |∆S |max,

δTFWHM , and RCP for LSMCO under 0.05 T magnetic

field variation were calculated by using equations 1, 2

and 3, respectively, and are given in Table 2.

Figure 4 shows the dependence of ∆Cp on the tem-

perature under 0.05 T magnetic field variations for the

sample calculated from equation 4. Since dM/dT < 0

and therefore ∆S M < 0, this leads to the total entropy

decrease upon magnetization. Furthermore, at T < θC ,

∆Cp < 0, and at T > θC , ∆Cp > 0 [23]. The ∆Cp under-

goes a sudden change from positive to negative around

θC with a positive value above θC and a negative value

below θC and rapidly decreases with decreasing temper-

ature. The positive or negative values of ∆Cp closely

above or below θC may strongly alter the total specific

heat.

The maximum and minimum values of specific heat

change for LSMCO are determined from Fig. 4 and

also summarized in Table 2. With applied magnetic

field variation of 0.05 T, the peak value of |∆S M | is

Table 1. Model parameters for LSMCO in a field of 0.05 T (B
is magnetization sensitivity (dM/dT) at ferromagnetic state
before transition, SC is magnetization sensitivity (dM/dT)

at the Curie temperature)

Mi M f θC B S C

[emu/g] [emu/g] [°C] [emu/g·K] [emu/g·K]

20.93 1.57 72 -0.09 -1.92
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Figure 3. Magnetic entropy change as function of
temperature for LSMCO in a field of 0.05 T

Figure 4. Specific heat change as function of temperature for
LSMCO in a field of 0.05 T

0.096 J/(kg·K) and δTFWHM = 9.7 K. The calculations

show that at 0.05 T magnetic field change, RCP =

0.931 J/kg.

In addition, the refrigerant capacity (RC) was com-

puted, as it is considered to be the most important fac-

tor for assessing the efficiency of a magnetic refrigerant

material. RC was calculated from [24]:

RC =

θC+
δTFWHM

2
∫

θC−
δTFWHM

2

∆S dT (5)

The calculation shows that at 0.05 T magnetic field

change, RC = 0.744 J/kg.

Table 2 shows comparisons between LSMCO sample

and other compositions in low applied magnetic field

change. The magnetocaloric properties of LSMCO sam-

ple are comparable with some magnetocaloric proper-

ties of La1-xCdxMnO3, La1.25Sr0.75MnCoO6 and MnAs

and they ar significantly larger than that of Ge0.95Mn0.05

and Gd1-xCaxBaCo2O5.5, as shown in Table 2 [25–29].

In general, the magnetic entropy change in perovskite

manganites, such as LSMCO sample, has been related

to the considerable variation of magnetization near θC .

There are two contributions to the total entropy of the

system [30,31]: i) magnetic entropy that is related to the

order of magnetic moments, and ii) lattice entropy that

is related to the temperature. Applying a magnetic field

adiabatically causes the spins in the material to align.

Recalling that no heat is exchanged in an adiabatic pro-

cess, the decrease in magnetic entropy must be compen-

sated by an increase in the lattice entropy, which implies

that the material must heat up. Once the moments are

aligned and excess heat is removed, the material returns

to ambient temperature. The adiabatic process (elimina-

tion of the applied field) leads to an increase in magnetic

entropy, which is compensated by a decrease in the lat-

tice entropy, and thus the temperature of the material

decreases below ambient.

Due to the strong coupling between spin and lat-

tice, significant lattice change accompanying magnetic

transition in perovskite manganites has been observed

[32,33]. The lattice structural change in the <Mn–O>

bond distance as well as <Mn–O–Mn> bond angle

would, in turn, favour the spin ordering. Thereby, a more

abrupt reduction of magnetization near θC occurs and re-

sults in a significant magnetic-entropy change [34,35].

In this way, a conclusion might be drawn that a strong

spin-lattice coupling in the magnetic transition process

would lead to the additional magnetic entropy change

near θC , and consequently, favours the MCE.

IV. Conclusions

Magnetocaloric properties of LSMCO perovskite

(such as magnetic entropy change, full-width at

half-maximum, relative cooling power and magnetic

specific heat change) at applied magnetic field of

0.05 T were calculated using the phenomenologi-

cal model. It was shown that magnetocaloric ef-

fects of LSMCO sample are comparable with magne-

tocaloric properties of MnAs film, La1-xCdxMnO3 and

La1.25Sr0.75MnCoO6, whereas significantly larger than

that of Gd1-xCaxBaCo2O5.5 and Ge0.95Mn0.05.

Table 2. The predicted values of applied magnetocaloric properties for LSMCO and other compositions in low applied
magnetic field changes

Composition H −∆S max δTFWHM RCP ∆CP,H(max) ∆CP,H(min)

[reference] [T] [J/(kg·K)] [K] [J/kg] [J/(kg·K)] [J/(kg·K)]

LSMCO [this work] 0.05 0.096 9.7 0.931 1 −0.86

La1-xCdxMnO3 [26] 0.05 0.011 29.65–44.03 0.326–0.484 0.087–0.105 −0.076–−0.094

Ge0.95Mn0.05 film [27] 0.1 (0.4–3.6)·10−6 12.69–17.75 (0.63–0.451)·10−5 (0.077–1.1)·10−4 (−0.073–−1)·10−4

Gd1-xCaxBaCo2O5.5 [28] 0.1 (1.65–2.2)·10−6 9.77–13.85 (1.61–3.04)·10−5 (6.14–6.34)·10−5 (−6.94–−6.13)·10−5

La1.25Sr0.75MnCoO6 [29] 0.5 0.0175 26–124 0.45–2.18 0.04–0.19 −0.03–−0.17

(001)-oriented MnAs film [30] 0.03 0.01–0.02 55.47–75.50 0.07–1.22 0.07–0.083 −0.06–−0.07
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The results indicate the prospective application for

LSMCO to obtain magnetocaloric effect near θC . It is

recommended that LSMCO can be used as a promising

practical material of an apparatus based on the active

magnetic regenerator cycle. The results also confirmed

that the phenomenological model is useful for predic-

tion of MCE for magnetic materials.
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