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Production of LaCaMnO3 Composite by Ball Milling
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La0.67Ca0.33MnO3 perovskite-type manganite was synthesized by high-energy ball milling raw oxides of La2O3

(purity 99.9%), CaCO3 (purity > 99%), and MnO (purity > 99%). The ratio of ball and powder weight was 10:1
and the rotating speed was set to 500 rpm. X-ray analysis indicated that La0.67Ca0.33MnO3 single phase was
formed completely when milling time is up to 4 h. The peak intensity of perovskite structure decreased and a
hump-like peak appeared with further milling time. When the milling time is longer than 40 h, the perovskite
structure disappeared and the amorphous phase was formed completely. Scanning electron microscopy picture of
24 h milled sample showed that the particle size generally varies in a broad range from nanometer scale to a few µm.
The magnetic measurements showed that ball milling samples have an inhomogeneous magnetic state and exhibit
spin-glass like behavior. The signi�cantly small magnetic entropy change and a remarkably broad temperature
interval in entropy change were attributed to high degree of structural and magnetic disorder and broadening of
magnetic transition.
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1. Introduction

In the past few years, the hole doped perovskite man-
ganites with general formula R1−xAxMnO3 (R = La, Pr,
Nd; A = Ca, Sr, Ba) have been studied extensively. The
interest in these materials is related to their great vari-
ety of phenomenology such as colossal magnetoresistance
(CMR) [1] and magnetocaloric e�ect (MCE) [2] and their
possible technological applications especially in magnetic
recording, magnetic storage and magnetic refrigeration
technology [3]. The previous studies have showed that
the structural, magnetic and electrical transport proper-
ties of manganites are closely related with preparation
method and conditions. There are several methods to
synthesize lanthanum manganites. The most traditional
method is via solid-state reaction of the components [4].
Controlling the temperature during the solid state re-
action is one of the major problems. In addition, the
solid state reaction method requires high annealing tem-
perature (from 1200 to 1400 K) and long sintering time
(> 10 h) to obtaining homogeneity in the stoichiometry,
grain size, porosity and purity. Alternatively, chemical
methods such as sol�gel [5] are very sensitive to prepara-
tion conditions and complicated chemical process must
be manipulated. For both methods, the coast is high
with a low yield.
Recently, a new method called as high energy ball

milling or mechanical alloying is reported to synthe-
size perovskite manganites by milling mixture of man-
ganese, alkaline-earth and rare-earth oxides. This pro-
cess is based on chemical reactions mechanically acti-
vated by high-energy ball milling. The previous studies
have showed that the high energy ball milling method is
a popular technique with advantages including lost-cost,
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high yield, low temperature synthesis and versatile way
to produce �ne particles. Another advantage is that this
method could be successfully applied to obtain di�erent
oxides.
In this work, we report the synthesis of

La0.67Ca0.33MnO3 by milling the mixed powders of
La2O3, CaCO3, and MnO in a high energy ball mill.
The e�ect of milling time on structural and magnetic
properties of samples is investigated in detail.

2. Experimental

LaCaMnO3 perovskite-type manganite was synthe-
sized by high-energy ball milling. La2O3 (purity 99.9%),
CaCO3 (purity > 99%), and MnO (purity > 99%) pow-
ders were used as raw materials. The mixture was milled
by conventional planetary ball mill with agate vials and
balls. The ratio of ball powder weight was 10:1 and the
rotating speed was set to 500 rpm. The structural char-
acterization was carried out using X-ray powder di�rac-
tion (Cu Kα). Grain structure was observed using a
LEO-EVO-40 scanning electron microscope (SEM). The
magnetic measurements were performed using a Q-3398
(cryogenic) magnetometer in a temperature range from
150 to 300 K and a maximum magnetic �eld of 6 T was
applied.

3. Results and discussion

Figure 1a shows the X-ray di�raction patterns of as
milled samples for di�erent milling times up to 56 h. The
di�raction peaks belonging to starting oxides (La2O3,
CaCO3, and MnO) can be clearly seen for 0 h milled
sample. However, the peaks belonging to starting ox-
ides almost disappeared completely after milling for
only 2 h. Meanwhile, the new peaks corresponding
to perovskite manganite structure begin to appear for
2 h milled sample as can be seen from peak located at
2θ = 32◦. The X-ray di�raction peaks have shown that
the La0.67Ca0.33MnO3 single phase is formed completely
when the milling time is up to 4 h.
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Fig. 1. (a) XRD patterns of La0.67Ca0.33MnO3 sam-
ples milled for various times. (b) SEM picture of
La0.67Ca0.33MnO3 sample milled for 24 h.

For the further milling time up to 12 h, the increase in
peaks intensities belonging to perovskite structure shows
that the amount of the crystalline phase is increased with
increasing milling time.
For the samples milled longer than 12 h, the inten-

sity of peaks belonging to perovskite structure began to
decrease gradually and a hump-like peak appeared with
further milling time. The decrease in intensity of peaks
has shown that an amorphous phase begins to build up
when the milling time is longer than 12 h.
As can be seen from Fig. 1a, when the milling time

is longer than 40 h, the perovskite structure disappears
and the amorphous phase is formed completely. The re-
sults indicated that by adjusting the milling time the
perovskite phase can be transformed into the amorphous
phase. However, X-ray analyses have shown when the
milling time reached above 56 h, the crystallization peaks
(which were not given here) began to appear again. The
synthesis of La0.67Ca0.33MnO3 single phase simply by
milling raw materials has shown that the high energy ball
milling is an another useful method to produce the sto-
ichiometric and homogeneous manganite perovskites in
addition to the conventional solid-state reaction method.
Another advantage is that by adjusting the milling time
the sample could be transformed from crystalline per-
ovskite phase to amorphous phase.
In order to obtain further information about grain mor-

phology, La0.67Ca0.33MnO3 was examined by SEM. Fig-
ure 1b shows typical SEM micrograph for 24 h milled
raw La0.67Ca0.33MnO3 sample. Although, the particle
size generally varies in a broad range from nm scale
to a few µm, the samples that have been subjected to
milling consist mainly of small particle of nanometers or-
der and the most of these small grains have nearly spher-
ical shape. The SEM images of all samples (which were
not given here) showed that the average particle size �rst
decreased with increasing milling time up to 6 h and then
a small increase was observed in particle size with further
increasing milling time.
Figure 2a shows the temperature dependence of the

magnetization for La0.67Ca0.33MnO3 samples milled at
di�erent times. The data were taken under an applied
�eld of 0.1 T after the samples were zero �eld cooled
(ZFC) and �eld cooled (FC). It is clearly seen that the

magnetization increases gradually over a broad range as
the temperature decreases. The broad and continuous
magnetic transition probably indicates that an inhomo-
geneous magnetic state prevails in the transition region.
At low temperatures, the magnetization shows a split-
ting between the ZFC and FC curves. In many studies,
it has been concluded that a clear di�erence in ZFC and
FC magnetization curves is undoubtedly not of a typi-
cal full ferromagnetic but of an inhomogeneous magnetic
state [6]. It is generally known that the discrepancy be-
tween the ZFC and FC curves is usually ascribed to the
appearance of spin-glass like behavior induced by compe-
tition between the ferromagnetic and antiferromagnetic
exchange interaction [7].

Fig. 2. (a) The temperature dependence of the magne-
tization of La0.67Ca0.33MnO3 samples milled at di�erent
times. (b) Isothermal magnetization curve measured at
5 K for La0.67Ca0.33MnO3 samples milled at di�erent
times. The inset shows the enlarged version of M�H.
Figure 2b shows the magnetization measurement as a

function of magnetic �eld for La0.67Ca0.33MnO3 samples
milled at di�erent times at a temperature of 5 K. It is
clearly seen that all the magnetization curves do not show
saturation in a �eld of up to 7 T magnetic �eld. The de-
viation of magnetization curves from the linear relation
indicates that this magnetic behavior could not be simply
interpreted as paramagnetic behavior. As can be seen in
the inset in Fig. 2b, the isothermal magnetization curves
display a very small hysteresis and the very low coercive
�elds at 5 K which con�rms the very soft ferromagnetic
behavior of the samples consisting of basically antiferro-
magnetic with a weak ferromagnetism as in the case of
spin-glass systems. However, the maximum magnetiza-
tion values observed at 7 T magnetic �eld and at 5 K are
signi�cantly lower than that of same La0.67Ca0.33MnO3

samples prepared by other conventional methods [4, 5].
In mixed valence perovskite manganites, net magne-

tization mainly comes from the magnetic moments of
Mn3+ and Mn4+ ions. In ball milled samples, due to
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the low crystalline quality Mn3+ and Mn4+ ions distri-
bution could be random. In this case, some Mn sepa-
ration will be less than others and hence the predicted
ferromagnetism may occur only locally which indicates
the presence of magnetic disorder results in a decrease in
the net magnetization [6, 7]. In our previous study, the
similar magnetic behaviors were observed in the same
La0.67Ca0.33MnO3 sample prepared by sol�gel method
which has also nanostructure [5]. It is clear that the
nanoscale crystal often exhibits magnetic properties that
are di�erent from those of their bulk counterparts [8].
The magnetic entropy, which is associated with the MC

e�ect, can be calculated from the isothermal magnetiza-
tion curves (Fig. 3a) under the in�uence of a magnetic
�eld. According to the classical thermodynamical the-
ory, the magnetic entropy change ∆Sm produced by the
variation of a magnetic �eld from 0 to Hmax is given by

∆Sm(T,H) =

∫ Hmax

0

(
∂M

∂T

)
H

dH. (1)

Fig. 3. (a) Isothermal magnetization curves at various
temperatures. (b) Magnetic entropy change at vari-
ous magnetic �elds for 12 h milled La0.67Ca0.33MnO3

sample.
To evaluate the magnetic entropy change ∆Sm, a nu-

merical approximation of the integral in Eq. (1) and
the experimental M�H curves at various temperatures
have been used. Figure 3b shows the magnetic entropy
change as a function of temperature at various magnetic
�elds for 12 h milled La0.67Ca0.33MnO3 sample. It is
clearly seen that the magnetocaloric e�ect occurs in a
considerably large temperature interval. On the other
hand, a signi�cant decrease in the value of ∆Sm was ob-
served. The maximum entropy change for 12 h milled
sample is only 0.3 J/(kg K) at 6 T magnetic �eld which
is very much smaller than that of the same polycrys-
talline La0.67Ca0.33MnO3 samples prepared by other con-
ventional methods [4, 5]. A reduction in value of ∆Sm

accompanied by a broadening of ∆Sm peak is a char-
acteristic feature observed for manganites when particle
size decreased [9, 10]. In previous studies, it has been
concluded that such an evolution in magnetocaloric ef-
fect for nanoscale manganites could be due to high de-
gree of structural and magnetic disorder and broadening
of magnetic transition [9, 10]. While the magnetic en-
tropy change in ball milled manganites is signi�cantly
small, the magnetic entropy change of these samples
is spread over a remarkably broad temperature interval
which makes these samples potentially considered as in-
teresting refrigerants below room temperature.

4. Conclusions

In this study, magnetic La0.67Ca0.33MnO3 perovskite-
-type manganite was synthesized by high-energy ball
milling raw oxides of La2O3 (purity 99.9%), CaCO3

(purity > 99%), and MnO (purity > 99%). The ra-
tio of ball and powder weight was 10:1 and the rotating
speed was set to 500 rpm. X-ray analysis indicated that
La0.67Ca0.33MnO3 single phase was formed completely
when milling time is up to 4 h. The peak intensity of
perovskite structure decreased and a hump-like peak ap-
peared with further milling time. When the milling time
is longer than 40 h, the perovskite structure disappeared
and the amorphous phase was formed completely.
SEM picture of 24 h milled sample showed that the

particle size generally varies in a broad range from nm
scale to a few µm. The SEM images of all samples showed
that the average particle size �rst decreased with increas-
ing milling time up to 24 h and then a small increase was
observed in particle size with further increasing milling
time.
The broadening of magnetic transition, the splitting

between the ZFC and FC magnetization curves, a very
small hysteresis, and the very low coercive �elds have
shown that the samples have an inhomogeneous magnetic
state and exhibit spin-glass like behavior. The magnetic
entropy change in ball milled manganites is signi�cantly
small. However, the magnetic entropy change of the sam-
ple is spread over a remarkably broad temperature inter-
val. The maximum entropy change for 12 h milled sample
was only 0.3 J/(kg K) at 6 T magnetic �eld.
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