
Journal of Ceramic Processing Research. Vol. 13, Special. 1, pp. s100~s104 (2012)

s100

J O U R N A L O F

Ceramic
Processing Research

Magnetic transition and magnetocaloric effect in La1-xCaxMnO3 compounds
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We report the magnetic transition and large magnetic entropy change in calcium doped lanthanum manganites. Polycrystalline La1-
x
CaxMnO3 (0 ≤ x ≥ 0.4) samples were prepared by the conventional solid-state reaction technique. The X-ray diffraction analysis
exhibits only the perovskite phase without any impurity. It was found that the Curie temperature is varied with the Ca-
concentration because of the doping of Ca at La site affects the Mn-O bond length and Mn-O-Mn bond angle due to the
difference in their ionic radii. A large magnetic entropy change was observed in the La0.7Ca0.3MnO3 sample and the value of
the maximum entropy change ( ), increase from 4.67 to 10.78 J/kgK as magnetic field increases from 1 to 5 tesla. This
result suggests that La0.7Ca0.3MnO3 can be used as a potential magnetic refrigeration material.
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Introduction

Recently, increasing attention has been paid to find
the magnetic refrigerants with large magnetocaloric
effect (MCE) near room temperature. The MCE is the
tendency of certain materials, such as paramagnetic
salts or ferromagnetic substances, to heat up when
placed in a magnetic field and to cool down when
removed from the field [1-3]. Among the magnetic
materials with potential for magnetic refrigeration, the
perovskite-type rare-earth manganites have attracted
much attention due to their higher resistivity, which is
favorable for reducing eddy current heating [4-9]. These
compounds present also a relatively large magnetic
entropy change [8, 9]. However, a large magnetic
entropy change need a large magnetic field (up to
several tesla), which limits its application. Therefore,
many researchers intend to decrease the required
magnetic field and much effort had been made to
understand the physical properties of manganites.
High magnetic entropy change at low magnetic field

changes and the broad working temperature ranges
(due to easy controlling of the Curie temperature by
doping routes) make these materials (manganites) good
candidates as working elements in magnetic refrigeration
applications [10, 11]. Moreover, low cost, ease of
preparation, grain growth to a desired size via heat
treatment, and high chemical stability are some other
advantageous properties of these materials for use in
magnetic refrigeration systems. Generally, the large
magnetic entropy change of perovskite maganites
mainly originates from the variation of the double

exchange (DE) interaction of the Mn3+ and Mn4+ ions
[12]. In addition, the strong spin-lattice coupling also
plays an important role [1, 13]. There are intensive
studies on these materials which are reported in the
literatures [14-16]. It is interesting to note that the
samples with similar compositions shows different
Curie temperature (Tc) and magnetic entropy change
values which appears to be due to varying preparation
conditions. This is particularly evident in the case of
La1-xCaxMnO3 in which the Curie temperature varies in
a broad temperature range of 170-280 K, indicating
that it could be possible to optimize the magnetic
properties by adjusting the preparation conditions.
This work aims to investigate the structural,

magnetic properties and the magnetocaloric effects of
La1-xCaxMnO3 compounds in order to be helpful to
understand the MCE of the magnetic refrigerant
materials. The variation of structure and MCE were
mainly studied as a function of Ca doping.

Experimental procedure

Polycrystalline La1-xCaxMnO3 (0 ≤ x ≥ 0.4) samples were
prepared by the conventional solid state reaction
method. Appropriate ratio of La2O3, CaO and Mn2O3

powders (all chemicals were 99.99% pure and purchased
from Sigma Aldrich) were mixed according to the
desired stoichiometry, and then calcined at 800 οC for
10 hour. The calcined powders were milled and then
annealed at 1000 οC for 10 hours. Then the annealed
mixture were milled again and pressed into a disk-
shape with a diameter of 7 mm and a thickness of
about 2 mm. The sintering process was performed at
1000 οC and 1250 οC for 24 hours in air. Finally, the
furnace was cooled down to room temperature.
The crystal structure, phase purity, and cell dimensions
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were determined using a X-ray diffractometer (XRD,
Phillips X’pert (MPD 3040)) with Cu Kα radiations
(λ = 1.5406 Å) operated at voltage of 40 kV and current
of 30 mA. Surface morphology was evaluated using a
scanning electron microscope (SEM, JSM5610). Average
grain size was determined by an intercept method using
SEM micrographs. The magnetic measurements were
carried out with a frequency of 40 Hz using a quantum
design vibrating sample magnetometer PPMS-6000
(2 ≤ T ≤ 400 K, 0 ≤H ≤ 9 T) VSM.

Results and discussion

The structural analysis of samples was performed using
X-ray diffractometer with 2θ ranging from 20 ο to
80 ο. The XRD patterns of the sintered samples are
given in Fig. 1. All the peaks reveal that the samples
have single phase without any detectable secondary
phase, indicating a complete reaction between reactants to
form La1-xCaxMnO3 samples. The characteristics reflections
corresponding to (101), (121), (031), (220), (202), (212),
(301), (311), (321), (424), (143) and (402) planes are
indexed to an orthorhombic crystal structure using Powder-
X software. The enlarged (121) peak (inset of Fig. 1)
reveals that the peak shifts to lower angles with decreasing
Ca doping concentration, indicating the change of lattice
parameters. From the XRD patterns of the samples, the
lattice parameters, c/a ratio and the unit cell volume
were calculated and given in table 1. It  was observed
that lattice parameters (a, b and c) monotonically
increases with decreasing Ca doping concentration. A
similar behavior is also seen for the c/a ratio and unit
cell volume. This is attributed to the change in A-site
ionic radius <rA> [17].
Fig. 2 shows the SEM micrographs of La1-xCaxMnO3

samples sintered at two different temperatures of 1000
οC and 1250 οC. It was observed that the samples
sintered at 1250 οC have mainly strongly connected

large grains as compared to the samples sintered at
1000 οC. The average grain size was estimated to
be ~ 7, 9, and 9 µm for x = 0.4, 0.3, and 0.2, respectively,
for the samples sintered at 1250 οC.
The field-cooled (FC) temperature dependence of the

magnetization for La1-xCaxMnO3 samples taken at 5000
Oe is shown in Fig. 3. In FC process, the sample was
cooled from 305 K to 100 K under the applied
magnetic field of 5000 Oe and then the magnetization
measurement was performed under the same field

Fig. 1. X-ray diffraction patterns of La1-xCaxMnO3, (x = 0.4, 0.3,
and 0.2) samples. The inset is the enlarged (121) peak in the
diffraction patterns.
 If you want that all figures printed in color, you need to pay the
extra charge. Othewise, you should revise all figures in B/W
contrast, which can be seen correctly by the readers.

Table 1. Room temperature lattice parameters, c/a ratio and unit
cell volumes of the samples.

X a (Å) b (Å) c (Å) c/a V (Å3)

0.40 5.468 7.709 5.478 1.0018 230.91

0.30 5.490 7.758 5.503 1.0023 234.38

0.20 5.508 7.760 5.523 1.0027 236.06

Fig. 2. SEM micrographs of the samples sintered at two different temperatures of 1000 οC and 1250 οC depending on the chemical
composition: (a, b) La0.6Ca0.4MnO3, (c, d) La0.7Ca0.3MnO3, and (e, f) La0.8Ca0.2MnO3 
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during the warming up cycle from 100K to 350K. The
variation of magnetization vs. temperature (M-T) reveals
that the La1-xCaxMnO3 samples exhibits a sharp
ferromagnetic-paramagnetic (FM-PM) transition occurring
at Tc. The Curie temperature, defined by the maximum
in the absolute value of dM/dT, was found to be 278,

250 and 198 K for x = 0.4, 0.3 and 0.2, respectively.
Obviously, the Tc decreases monotonically with
decreasing Ca-doping level. The change in Tc of the
perovskite manganese oxides with an ABO3-type structure
is governed by two factors. One is the A-site average
ionic radius <rA> and the other is the charge carrier
density [18, 19]. It is suggested that the Tc reduction
could be attributed to the combined effect of the partial
destruction of Mn2+-O-Mn3+ DE interaction network
and the weakening of DE interaction caused by Ca-
doping. Inset of Fig. 3 shows M-T for La0.6Ca0.4MnO3

sample under ZFC (zero-field-cooled) and FC
conditions for an applied field of 300 Oe. There is
ZFC-FC splitting occurring close to Tc. In FM
material it can be related to the intrinsic magnetic
anisotropy and to domain wall pinning in the
magnetically ordered state so that applying a field, or
not an applying field, while the cooling process
through Tc leads to the different spin configuration
that give rise to the different net magnetizations. In
order to understand deeply the type of magnetic
transition, the magnetization measurements versus applied
magnetic field (M-H) was carried out up to 5 tesla at
several temperatures near Tc. Fig. 4(a) and Fig. 5(a)
show the M-H behaviors for the La0.6Ca0.4MnO3 and
La0.7Ca0.3MnO3 samples, respectively. The magnetization

Fig. 4. (a) The field dependence of the magnetization measured at
different temperatures around Tc and (b) Arrott plots for
La0.6Ca0.4MnO3.
If you want that all figures printed in color, you need to pay the extra
charge. Othewise, you should revise all figures in B/W contrast,
which can be seen correctly by the readers.

Fig. 3. Temperature dependence of the magnetization for the La1-
xCaxMnO3 (x = 0.4, 0.3 and 0.2) samples. Inset indicated the ZFC
and FC magnetizations for La0.6Ca0.4MnO3 under the applied
magnetic field of 300 Oe.
If you want that all figures printed in color, you need to pay the extra
charge. Othewise, you should revise all figures in B/W contrast,
which can be seen correctly by the readers.

Fig. 5. (a) The field dependence of the magnetization measured at
different temperatures around Tc and (b) Arrott plots for
La0.7Ca0.3MnO3.
If you want that all figures printed in color, you need to pay the extra
charge. Othewise, you should revise all figures in B/W contrast,
which can be seen correctly by the readers.
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below Tc sharply increases up to 0.5 tesla and then
nearly gets saturated. We derive the Arrott plots (H/M
vs. M2) from M-H measurements and the results plotted
as shown in Fig. 4(b) and Fig. 5(b).
A first order magnetic phase transition is particularly

important for the giant MCE. The order of magnetic
phase transition of the samples was confirmed by the
Banerjee criterion [20]. The La0.7Ca0.3MnO3 sample
shows the first order magnetic phase transition (FM to
PM) behavior. However, the La0.6Ca0.4MnO3 sample
reveals the mixed behavior of magnetic phase transition
(first order and second order). As seen in Fig. 5(b), M2

does not show a linear relation but does have a convex
curvature against H/M for most of isotherms. The convex
curvature of M2 against H/M was also found in the
MnSi specimen [21], which has typically a weak
itinerant ferromagnetic property of the magnetization.
In order to evaluate the MCE, the total magnetic

entropy change (∆SM) was calculated as a function of
temperature and applied magnetic field. According to the
thermodynamic theory based on Maxwell relations, ∆SM
can be evaluated through the following equation; [22]

(1)

where Hmax is the maximum value of the external
applied magnetic field. In practice, for magnetization
measurement, this relation can be approximated as
follows;

 (2)

where Mi and Mi+1 are the experimental values of
magnetization measured at temperatures Ti and Ti+1,
respectively, under the applied magnetic field Hi.

The evolution of  with Ca-doping variation is
clearly seen in Fig. 6, exhibiting that the  first
increases with decreasing Ca-doping and then decreased
for x = 0.2. The abnormality on the maximum magnetic
entropy change is observed. This different feature can
be explained by the distorted crystal structure with the
different composition (x), which can cause the different
change in the lattice parameters (a, b, and c) and bond
angles with the variation of x, which influence ∆SM at
Tc. The  values corresponding to a magnetic
field variation of 0.5 tesla are found to be 1.51 J/kgK,
3.02 J/kgK, and 1.49 J/kgK for the La1-xCaxMnO3

samples with x = 0.40, 0.30, and 0.20, respectively.
Fig. 7 and Fig. 8 show the temperature dependence

of the ∆SM under the different applied magnetic field
for the La1-xCaxMnO3 samples with x = 0.40 and 0.30,
respectively. Both the samples exhibit a maximum
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Fig. 6. Temperature dependence of magnetic entropy change at
H = 0.5 tesla for La1-xCaxMnO3 (x = 0.4, 0.3 and 0.2) samples.
If you want that all figures printed in color, you need to pay the extra
charge. Othewise, you should revise all figures in B/W contrast,
which can be seen correctly by the readers.

Fig. 7. Temperature dependence of magnetic entropy change under
the different applied magnetic fields for La0.6Ca0.4MnO3 sample.
The inset represents the RCP values vs. the applied magnetic field.
If you want that all figures printed in color, you need to pay the extra
charge. Othewise, you should revise all figures in B/W contrast,
which can be seen correctly by the readers.

Fig. 8. Temperature dependence of magnetic entropy change under
the different applied magnetic fields for La0.7Ca0.3MnO3 sample.
The inset represents the RCP values vs. the applied magnetic field.
If you want that all figures printed in color, you need to pay the extra
charge. Othewise, you should revise all figures in B/W contrast,
which can be seen correctly by the readers.
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value in the magnetic entropy change,  in the
vicinity of Tc, and increases with the applied magnetic
field. In general, two parameters are necessary for
inducing the large MCE. One is associated with a large
enough spontaneous magnetization, while the other
with an abrupt drop of the magnetization at Tc.
Therefore, the samples exhibiting the second order
magnetic phase transition are expected to show a
reduced magnetic entropy change. The La0.7Ca0.3MnO3

sample shows the  of 6.94 J/kgK (Fig. 8) for
H = 2 tesla, which is much larger than that for Gd
(4.2 J/kgK, H = 2 tesla) [23]. On the other hand, the
La0.6Ca0.4MnO3 sample shows the reduced  of
2.97 J/kgK for H = 2 tesla, due to the mixed behavior
of magnetic phase transition.
In the cooling applications, another important

parameter is a relative cooling power (RCP), which is
a good indicator of the cooling efficiency of a
magnetic refrigerant. The RCP corresponds to the
amount of heat transferred between the cold and the
hot sinks in the refrigeration cycle and is defined as

, where  is a full
width at half maximum value of the temperature
change. The RCP values for the La0.6Ca0.4MnO3 and
La0.7Ca0.3MnO3 samples were calculated to be 52 J/kg
and 85 J/kg, respectively for a field variation of 2
tesla. The RCP value increases with the applied
magnetic field (inset of Fig. 7 and 8). On the other
hand, the perovskite-type manganese oxides exhibit
considerably small magnetic hysteresis with small
coercivity of about 50 Oe near Tc, which would be
beneficial for the magnetic cooling efficiency. Therefore,
the La1-xCaxMnO3 samples can be considered to be a
good candidate for the magnetic refrigeration.

Conclusions

The structural, magnetic and magnetocaloric properties
of La1-xCaxMnO3 with A-site doping have been
investigated. The XRD results reveal that all the
samples have an orthorhombic structure and the lattice
parameters for La1-xCaxMnO3 (0 ≤ x ≥ 0.4) samples
vary monotonically with decreasing Ca content. It is
clearly shown that the ferromagnetic-paramagnetic
transition temperature decreases with Ca doping, due
to combined effect of the partial destruction of Mn2+-
O-Mn3+ DE interaction network and the weakening of
DE interaction. The Ca doping gives rise to a gradual
crossover from a first- to second-order magnetic
phase transition, resulting in the reduction of 
with Ca doping. The experimental results suggest that
these compounds can be used as the potential magnetic
refrigerants with a wide range of working temperature.
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