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ABSTRACT

This investigation presents the magnetic and structural properties of ferromagnetic manganite La0.7Sr0.3MnO3, 
(LSMO), subjected to ball milling processes. The LSMO powder sample was obtained by solid state reaction from high 
purity precursors. From x-ray diffraction (xRD), the sample showed the characteristic peaks of this phase. By means of 
thermogravimetric analysis (TGA) assisted by magnetic field, used as first method to measure the Curie temperature 
TC, the NM (non-milling) LSMO powders exhibited a TC=369.69 K (96.96 oC), which agrees with the magnetization 
measurements. In order to study size dependent properties, LSMO powder was subjected to mechanical milling pro-
cesses during 3, 6 and 12 hours. From Rietveld refinement of xRD patterns, a reduction in crystallite average size (Dv) 
and a stabilization of crystalline structure (the R3c space group), with milling time (tM), were observed. These results are 
consistent with the Scanning Electron Microscopy (SEM) images, which showed more homogeneity in the grain distri-
bution with longer milling times. From magnetic characterization results, it was found that the saturation magnetization 
decreases with decreasing grain size (smaller Dv). This behavior is attributed to surface effects that induce magnetically 
disordered states in smaller particle sizes. However, the TC is kept constant around 365 K and it is independent of tM.
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INFLUENCIA DEL PROCESO DE MOLIENDA EN LAS PROPIEDADES ES-
TRUCTURALES Y MAGNETICAS DE MANGANITAS La0,7Sr0,3MnO3 

RESUMEN

Este trabajo estudia las propiedades estructurales y magnéticas de la manganita La0,7Sr0,3MnO3 (LSMO) ob-
tenida por el método de reacción en estado sólido y sometida a procesos de molienda mecánica. En las medidas de 
difracción de rayos x, xRD, la muestra en polvo de LSMO presentó los picos característicos de esta fase. La técnica 
de termogravimetría (TGA) asistida con campo magnético, mostró una temperatura de Curie TC = 369,69 K (=96,96 
oC). Este resultado concuerda con la temperatura de la transición magnética, cercana a 365 K. Con el fin de analizar 
la dependencia de las propiedades magnéticas y estructurales en relación con el tamaño de partícula, las muestras se 
sometieron a molienda mecánica por 3, 6 y 12 horas. A partir de refinamiento Rietveld de los rayos x, se observó una 
reducción de tamaño de partícula y una estabilización de la estructura cristalina de grupo espacial R3c, a medida que 
aumenta el tiempo de molienda tM. Esto es consistente con las imágenes de SEM, que mostraron más homogeneidad de 
la distribución de tamaño a mayor tM. En las medidas de magnetización en función de la temperatura, se encontró que 
la magnetización de saturación decrece con la disminución de tamaño de grano (Dv pequeños). Este comportamiento 
es atribuido a estados magnéticamente desordenados que se generan en la superficie. Sin embargo, la temperatura 
crítica se mantiene constante alrededor de 365 K e independiente de tM.

PALABRAS CLAVES: manganitas; magnetorresistencia colosal; nanopartículas; propiedades magnéticas.

INFLUÊNCIA DE PROCESSO DE MOAGEM DE BOLAS SOBRE AS 
PROPRIEDADES ESTRUTURAIS E MAGNÉTICAS DE La0.7Sr0.3MnO3

SUMÁRIO

Neste trabalho investigámos as propriedades magnéticas e estruturais do manganite ferromagnética 
La0.7Sr0.3MnO3, (LSMO), quando é sujeito ao processo de moinho. Uma amostra de pó LSMO foi conseguida 
no estado solido por reação a partir de precursor de grande pureza. A partir de difração com raios x (xRD), a 
amostra mostrou picos de caraterísticas nesta etapa. Por meio duma análise termogravimétrica (TGA), assistida 
por campo magnético, usada como primeiro método para medir as temperaturas Curie TC, os pós LSMO NM 
(Non-milling) mostraram TC=369.69 K (96.96 oC), o que é conformo às medidas da magnetização. Para estudar 
as propriedades dependentes do tamanho, o pó LSMO foi sujeito ao processo mecânico de moagem durante 
3, 6 e 12 horas. De acordo ao padrão de refinamento do xRD de Rietveld, a redução do tamanho médio em 
cristalitos (Dv) e a estabilização da estrutura cristalina (o grupo R3c space), com o tempo de moagem (tM), foi 
observado. Este resultado é coerente com as imagens do Scanning Electron Microscopy (SEM), que mostraram 
mais homogeneidade na distribuição dos grãos durante o processo de moagem. Encontrou-se com os resultados 
da caracterização magnética que a saturação da magnetização reduz com a redução do tamanho dos grãos (Dv 
menores). Este comportamento é caraterístico dos efeitos da superfície que provoca estados de desordem mag-
néticos em partículas menores. Todavia, o TC é mantido constante ao redor de 365 K e é independente do tM.

PALAVRAS-CHAVE: Manganites; Magnetorresistência Colossal; Nano partículas; Propriedades Magnéticas. 
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INTRODUCTION

Research on the field of Colossal Magnetoresistance 
(CMR) manganites, has been a source of great interest 
both on fundamental and potential application aspects, 
in different areas such as: Spintronic, Magnetic Storage 
Systems, Magnetic Sensors, Solid State Refrigerators, 
etc.; (Salamon, M. B. and Jaime, M, 2001; Bibes, M. 
and Barthélémy, A., 2007). La1-xAxMnO3 (A= Sr, Ca, 
Ba, etc.), perovskites, offer diverse physical properties 
depending on the doping concentration and A-site ionic 
radius. Many of these properties are explained by the 
double exchange mechanism DE, via the interaction 
between Mn4+ - Mn3+ ion pairs (Zener, C, 1951; 
Tokura, Y., 1999). Particularly, La1-xSrxMnO3 (LSMO), 
manganites, have received intense attention, due to 
the CMR effect, as well as their high Curie temperature 
(Tc) and conduction by spin-polarized and close lattice 
parameter with others compounds, depending on 
x concentration (Hueso, et al., 2007). Properties of 
these systems are sensitive to size effect depending on 
the fabrication, in a single crystal, of thin films (lattice 
strain, interfaces effects) or powders (core-shell effects) 
(Kim, et al., 2010; Kameli, P., 2008; Dyakonov et al. 
2010). In the field of the nanometer range of LSMO 
powders, their properties strongly depend on the size 
and shape of the particle. Among the most important 
properties that are found in such materials at reduced 
scale, is the low field magnetoresistance (LFMR), with 
potential applications in the spin-polarized conduction 
electrons (Kameli, P. 2008). The spin disorder around 
grain boundaries produces a strong scattering centre 
for highly spin-polarized conduction electrons. The 
aligning of the spin to its original state by the application 
of moderated fields is an issue that is related with 
the grain size effect. According to some models, the 
core is metallic and ferromagnetic, while the shell is 
insulating and spin disordering (Savosta, et al., 2004). 
LSMO nanopowders have been studied because of 
grain boundary effects, which have shown significant 
differences in their physical properties with respect to 
the bulk material, having very important applications 
(as Low Field Magnetoresistance - LFMR). A reduction 
of grain size was found to influence the magnetization 
and coercivity in these compounds. From the models 
proposed for describing these particular behaviors, it has 
been found that the structural disorder close to the grain 

boundary, affects the double exchange (DE) mechanism 
due to its sensitivity to changes in the stoichiometric 
composition, vacancies, dislocations, etc. This produces 
magnetically disordered states on the surface of the 
grains (Kameli, P., 2006). 

In this work we report a structural and magnetic 
analysis of La0.7Sr0.3MnO3 (LSMO) powders, 
obtained by solid state reaction method, and subjected 
to mechanical ball milling. Models based on the 
contribution of the grain surface on the magnetization 
and coercivity and the dependence on the magnetic 
properties with the particle size are discussed.

EXPERIMENTAL DETAILS

In this work, pure phase of ferromagnetic man-
ganite LSMO was obtained by a solid state reaction 
method. The mixture of high purity precursors MnO2 
(99.0 %), SrCO3 (99.9 %) and La2O3 (98.0 %), was 
synthesized according to the appropriate stoichiome-
tric molar amounts. The initial powder was subjected 
to thermal treatment at 900 °C for 12 hours and 1200 
°C for 24 hours, with rates of heating and cooling of 
5 oC/min and 20 oC/min respectively and maceration 
between intervals. With the purpose of homogenizing 
the powders an additional maceration process was 
used, and the compound was subjected to a final heat 
treatment at 1300 °C for 6 hours, to ensure the comple-
te reaction of the precursors and the stabilization of the 
phase. Then, in order to reduce particle size, the LSMO 
powders were subjected to mechanical dry grinding 
in a planetary ball mill Fritsh PULVERISETTE 5. This 
process is carried out at air atmospheric conditions by 
using stainless-steel balls (of 4.58 g each), and with a 
ball-to-powder ratio of 20:1. In addition to these para-
meters, a rotational speed of 250 rpm (collision energy) 
and different milling times were evaluated. For this 
study, a set of 4 samples of LSMO was used: samples 
for times of 3, 6 and 12 hours of milling, and the sample 
without milling process from the precursor phase (NM 
LSMO). All powders were characterized structural, 
morphological and magnetically. The structure of the 
powders was analyzed by xRD with a Cu-K radiation 
source; the morphology of the powder samples was 
observed with SEM (JEOL JSM-6490LV) and magnetic 
measurements were performed via vibrating-sample 
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magnetometer technique (VSM) with the physical pro-
perties measurement system (PPMS, Quantum Design). 
Additionally, to investigate the milling time effect on 
the powders, a distribution grain size was measured 
by using Dynamic Light Scattering (DLS) in a Malvern 
Mastersize 2000 particle size analyzer. xRD patterns 
were fitted by using Rietica Rietveld program, in order 
to obtain structural parameters and the mean particle 
diameters for each powder. A fast measure of the TC, 
was taken using the TGA technique assisted with an 
external magnetic field. Magnetization as a function of 
temperature measurements was carried out under ZFC 
and FC regimens of 500 Oe in the temperature range 
between 5 K and 370 K. Lastly, hysteresis loops M(H) 
were measured in the range of applied field of 5 kOe 
to -5 kOe.  

RESULTS AND ANALYSIS

Refinement of the xRD patterns using the Rietveld 
method for the formed LSMO powders for each milling 

Figure 1. (Color online). Rietveld refinement analysis of XRD patterns of LSMO samples with different milling 
times. Solid symbols are experimental data, while solid lines represent the fit. The lines below are the difference 

pattern. The inset shows the variation of the DV for R3c and Pnma phases with tM.

Table 1. Summary of the refined structural parameters 
of LSMO samples with different milling times. Where V is 
the volume cell and c2 (chi-square) is the goodness of fit.

Refined 
unit cell 

parameters

Milling time (h)
0 3 6 12

R3c
a =b (Å) 5,5021 5,4986 5,4962 5,4979
c (Å) 13,3607 13,3509 13,3502
V (Å)3 350,2 349,6 349,3 345,6
Dv (nm) 82,7 36,8 26,5 20,9
Fraction (wt %) 84 90 94 100

Pnma
a (Å) 5,4768 5,4951 5,5251
b (Å 7,7377 7,7088 7,7512
c (Å) 5,5196 5,5249 5,5279
V (Å)3 233,9 234,0 236,7
Dv (nm) 70,5 32,5 24.4
Fraction (wt %) 16 10 6
χ2 1,31 1,14 1,21 1.32

(R3c)
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time are shown in Figure 1, and fitted lattice parameters 
are summarized in Table 1. xRD analysis for the NM LSMO 
sample reveals a mix of rhomboedral R3c and orthorhom-
bic Pnma phases. With increasing milling time (3 and 6 
h) a gradual conversion to R3c phase is observed, which 
appears as a single phase at time of 12 hours, see Table 1. 

It is well known that mechanical milling processes 
can induce some microstrains in the system, and this may 
indicate diffusion at atomic level, which could lead to the 
production of non-equilibrium phases. Obviously, all of this 
depends on the milling conditions used in the experiment 
(ball material, milling time and rotational speed). From 
Figure 1 it can be seen that the increasing of tM produces 
an increment in full width at half maximum (FWHM) 
and a decrease in the intensity of the diffraction peaks in 
comparison to the NM sample. These changes indicate 
a reduction in the average crystallite size, DV, and strain 

effects. When the R3c phase is consolidated, tM =12h, the 
DV is approximately 4 times smaller than the NM LSMO DV 
(Table 1), which is associated with an increase in dislocation 
densities. In the inset of Figure 1, DV is shown decreasing 
as a function of tM. Comparable results are reported for 
the La0.8Sr0.2MnO3 compound prepared under similar 
conditions in Kameli (2006). According to these results, the 
milling process used for sample preparation can be con-
sidered crucial in the stabilization of the R3c phase. Table 
1 reports the decreasing of DV for each tM, as well as the 
relative abundance (wt %), and the lattice parameters (a, 
b and c) of the R3c and Pnma phases.

Regarding the morphology of the samples, SEM 
micrographs of the milled and NM LSMO samples are 
shown in Figure 2, which also shows variations in grain 
size distribution of LSMO as a function of milling time for 
the NM LSMO sample, and for 3, 6 and 12 hours of milling 

Figure 2. SEM micrograph for the LSMO samples, corresponding to (a) NM LSMO, (b) 3h, (c) 6h and (d) 12h.
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(according to DLS measurements, ranging from 900 to 100 
nm approximately). Some differences between particle 
sizes are noticeable: the NM sample shows a distribution 
of larger grain size than the milled samples. Additionally, 
the EDx microanalysis confirmed the presence of each of 
the elements of these compounds.

The Thermogravimetric Analysis (TGA) assisted by 
magnetic field is a versatile and fast technique to obtain the 
critical temperature in ferromagnetic materials so it was 
used as a first method to measure the TC of the initial LSMO 
powders. An amount of 17.23 mg of NM LSMO was placed 
on the TGA holder under an external magnetic field. If the 
material is ferromagnetic and does not experiment thermal 
weight losses, the apparent weight measured at T<TC is the 
sum of the real weight and the attraction force due to the 
magnetic field. In the transition region, that apparent weight 
falls abruptly up until the real weight. With this method NM 
LSMO powders were characterized in the temperature 
range between 20 oC and 190 oC as shown in Figure 3. 
The real weight obtained after the abrupt fall occurs at 96.96 
oC (369.69 K), according to the magnetization data as a 
function of temperature, shown in Figure 4. The derivative 
of this curve with respect to temperature, has a maximum 
at 91.97 oC (364 K) corresponding to the inflexion point of 
the weight versus temperature data. In order to analyze in 
a rigorous way the magnetic behavior of these compounds, 
a VSM magnetometer was used.

Figure 4 shows zero field cooling (ZFC) and field 
cooling (FC) magnetization measurements M(T) for the 

NM LSMO powders and for the samples subjected to 3, 
6 and 12 hours of milling. Both FC and ZFC curves were 
obtained with an external applied magnetic field of 500 
Oe and exhibit a paramagnetic to ferromagnetic transition 
at ~365 K (extracted from the derivative of this curve) ac-
cording to the TGA measurements. In general, an increase 
of the width of the magnetic transition and a decrease in 
the magnetization over all range of temperatures with 
milling time, are observed. Figure 4(a) shows how at low 
temperatures, the magnetization associated to ZFC and FC 
regimens decresases from ~28 emu/g (NM LSMO) to ~12 
emu/g (12 hours), and from ~31 emu/g (NM LSMO) to 25 
emu/g (12 hours), respectively. Additionally, the NM LSMO 
sample experiments saturation at low temperatures which 
does not occur in the LSMO sample milled for 12h. This 
difference could be caused by a strong interaction between 
magnetic domains, characteristic of a harder ferromagnetic 
or a superparamagnetic behavior, which can be analyzed 

Figure 3. TGA measurements under external 
magnetic field of NM LSMO powders 

between 20oC and 190oC

Figure 4. Comparison of ZFC and FC magnetization 
as a function of temperature

 (a) 12 hours and NM LSMO (no milling), 
(b) 6 hours and (c) 3 hours. Open and filled symbols 

correspond to ZFC and FC curves, respectively.

Temperature (K)
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LSMO samples milled during 3h, 6h and 12h, measured 
between -5 kOe and 5 kOe at 5 K (Figure 5(a)) and 300 K 
(Figure 5(b)). The NM LSMO sample shows a M(H) curve 
without appreciable changes in its very small coercive 
fields and remanence at 5 K and 300 K due the decrease 
on the ferromagnetic contribution and the possibility of 
the presence of a superparamagnetic phase. In contrast, 
the milled LSMO samples clearly exhibit the evolution of 
coercive fields and remanence with temperature and mi-
lling time as presented in Figure 6. In this case, the coercive 
field increases with milling time at 5 K and decreases up to 
near zero values at 300 K. The decrease of this parameter 
is directly associated with a superparamagnetic behavior, 
which is enhanced in the LSMO sample milled during 12h. 
Hence, the milling process produces also a particle distribu-
tion of small size (nanoparticles) with superparamagnetic 
characteristics. This behavior can be attributed to magne-
tically disordered states at surface level, that appear when 
the grain experiments a size reduction, which induces, for 
example, some oxygen vacancies and strain effects that 
affect the Mn3+- O - Mn4+ bonds, and therefore ferro-
magnetic mechanisms, typical of these systems (Double 
Exchange) (Kameli, P., 2008). The saturation magnetization, 
Ms, presents a similar evolution. This is an evidence of the 
way that disordered states at the surface can contribute to 
the behavior of particles with smaller sizes. The coercivity 
at 300 K is not affected by tM and is similar to that obtained 
at 5 K in all samples, indicating the dominant character of 
the superparamagnetic phase. 

Figure 5. (Color online). M(H) for LSMO powders with 
different milling time, taken at (a) 5 K and (b) 300 K

with the magnetization measurements as a function of 
magnetic field. A similar behavior was observed in samples 
milled during 3 and 6 hours, Figures 4(b) and 4(c).

Figure 5 shows the magnetization curves as a 
function of magnetic field M(H) of the NM LSMO and 

Figure 6. Coercive field values extracted from the 
hysteresis loops, (Figure 5). 

The symbols show the values to 5 K (squares) and 300 
K (circles), for each milling time
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In summary, the milling process consolidates the 
R3c phase and produces very small LSMO particles that 
exhibit superparamagnetic properties. The coexistence of 
the ferromagnetic and superparamagnetic phases in these 
samples is manifest. The ferromagnetic phase is dominant 
at low temperatures in the milled samples and it is enhan-
ced for the sample with tM =12h, but at 300 K the dominant 
phase is of the superparamagnetic type.
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