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Synthesis study on the mechanisms of magnetotransport characteristics and
resistive switching effects in the perovskite CMR materials
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The diluted magnetic properties of
(Lap7Php3sMNO3)1.x(SiO2)x
composites, are prepared by using
chemical and solid-sate sintering route.

ceramic

Magnetic and transport properties of
(Lao.7PbosMn0O3)1.4(SiO2)x composites are
explored in this study. Ferromagnetism is
gradually attenuated due to the magnetic
dilution induced by the increase of SIO,
content. Clearly irreversible behavior is
observed in the zero-field cooling and
field cooling curves at a low field of 100
Oe. Saturation magnetization decreases as
ferromagnetic
transition temperature remains around
346K for all composites. All of the
composites  exhibited  ferromagnetic
hysteresis behavior which can be modeled
by the law of approach to saturation in
theform M = Mg(1-a/H") where 0<n<1
[3]. Theterm a/H" expresses the deviation

X incr eases, while

of magnetization from saturation. The
larger factor n and smaller factor a for
Lag7Pbo3sMnOs-rich samples resulting in
sharper square curves which should be
associated with the long-range spin order
of ferromagnetic coupling.

Keywords : Perovskite; Magnetoresistance;

Composite materials; Magnetic materids;

Electrical Properties; Hysteresis.

1. Introduction

Mixed-valence manganese oxides,
La;xAxMnO3 (A=Ca, S, Ba, Pb, etc.), have
been the materials under extensive studies
because of the rich varieties of
crystallographic, magnetic and electronic
phases [1-5]. These materials exhibit a large
magnetoresistance ratio (MRR, defined as
[p(H)-p(0)]/p(H)), termed as colossal
magnetoresistance (CMR), which is greatly
useful for various industrial applications.
However, due to the large magnetic field of
the order of severa tedas is required, this
property is difficult to utilize for practical
applications. For most room temperature
applications one needs a large MRR under
low field condition. Therefore, the important
issues are to explore the principa factors,
that determined the Tc and MRR, and to
reduce the required field for these CMR
compounds. Recently, researches indicate
that grain boundaries and interfaces can be
the major factors of magnetoresistance
effects, which has attracted renewed
interests on these materials. Several attempts
[6-8] have been observed the enhancement
of MRR through the composites of
Lay.xSrkMnO3/CeO, and LayxSrxMnOg/silica
[9-10]. These enhancements can be
explained through the model of
spin-polarized tunneling with insulator layer
as a barrier. On the other hand, the
enhancement of MRR has aso been proved
with the (CMR compound)/Ag composites
[11] due to the formation of conduction
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Fig. 1 X-ray diffractograms for the pure
SO, and (Lag:7PosMNO3)1.(SiOy)x
composites

bridges by Ag particle among the grains of
CMR compounds. In this article, we will
demonstrate  the synthesis of the
(Lao.7Po3MNO3)1.x(SiO2)x composites.
Variation of magnetic behaviors properties
in these composites will aso be discussed.

2. Experimental

The samples of (Lag 7P sMNO3)1.x(SiOy)x
composites were synthesized by two steps.
First, the powder of pure Lay7PbosMnO;
was prepared by the conventional ceramic
fabrication technique of solid-state reaction.
After  wet-milled by SPEX 8000M,
well-dried hyperfine powders (La0Os,
PbCOj3, and MnCO3) were mixed by Retsch
Mix Miller MM-2000 in a stoichiometric
ratio. Samples were calcined in air at 850°C
for 24 hours with intermediate grindings for
three times. After grinding, the combined
powders of Lay/PbpsMnOz; and SIO, with
stoichiometric ratios were mixed and then
pressed into disk-shape pellets with a

(La,,Pb, MnO,), (SIO,),

0.7 0.3

Reduced magnetization

0 5IO 1(I)0 1;30 2(I)0 2I50 3(I)0 350
Temperature (K )
Fig. 2 Temperature dependence of ZFC and
FC magnetization curves at an applied field of
100 Oe for the (Lag7PhosMnOs)1 (SO,
composites.

diameter of 12 mm and a thickness of 2 mm.
The disk samples were sintered in air a
750°C. The structure and phase purity of the
samples were examined by the diffraction
patterns
diffractometer

recorded with a powder
(Rigaku, MAX-2200PC,
Cu-Ka radiation) at room temperature. The
measurements of magnetization between 5K
and 350K were performed by a Quantum
Designed superconducting guantum
interference  device MPMS5S  SQUID
magnetometer. The ZFC-FC curves were
taken in an applied field of 100 Oe. The
curves of temperature-dependence
magnetization in an applied field of 50 kOe
were aso recorded at 5K and 50 kOe.

3. Resultsand Discussion

Figure 1 shows the XRD patterns of pure
SiO, and (Lag.7Pbo.sMnO3)1.x(SiO2)y
composites samples, which indicated that
the pure samples have synthesized. The
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Fig. 3.
magnetization curves in an applied field of 50
kOe for the (Lay7PbpsMnNOg);(SiO)x
composites.

Temperature  dependence  of

XRD spectra of the combined samples
reveal two different sets of XRD peaks for
Lay.7PhosMnO; and SIO,. No extra phase is
observed and one can conclude that the
reactions between the Lay7PbysMnO; and
SiO; grain boundaries are negligible.

The ZFC-FC magnetization curves for al
samples are measured as shown in Fig. 2 to
exam the spin order and magnetic behaviors
in a low field of 100 Oe. The ZFC-FC
magnetization measurement is a common
way to observe the spin order behaviors of
magnetic materials. For x=0 compound, the
ZFC-FC magnetization curves are almost
overlap except at very low temperature,
which exhibit a ferromagnetic spin order.
Conversdly, the irreversibility is found for
SiO, combined composites. In these SO,
the ZFC curves
coincide with the FC curves only near the

combined compounds,

high temperature region and indicate the
suppression of ferromagnetism. Separations
are observed as a A-shape curve when the

754
(LaDJPbDBMnO?»)l-x(Si Oz)x
504 —=—x=0.00
——x=0.05
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——x=0.15
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Fig. 4 Field dependence of magnetization curves
recorded a 5 K from —50 to 50 kOe for the
(Lag7PhosMNn03)14(SIO,)x  composites.

temperature are decreasing below the
ferromagneti c-paramagnetic transition
temperature T (defined as the temperature
the dlop, 1dM/dTI,
maximum value in the ZFC curve). The
unchanged T¢ (around 350K) indicates no

composition  of

where reaches a

variation in  the
Lag/PosMnO; due to low temperature
sintering. Due to the Lag7Pbo3sMnO; grains
are partly separated by SiO,, it is reasonable
that the Mn-Mn ferromagnetic exchange
would be interrupted and the spin disorder
of Mn would occur at the grain interfaces, as
aconsequence.

Figure 3 shows the temperature
dependence of magnetization curves in an
applied field of 50 kOe for the
(Lag.7Po.sMNO3)1.x(SIO2)x
These samples undergo a paramagnetic to

composites.

ferromagnetic transition with the decreasing
of temperature. Saturation magnetization Mg
(defined as the magnetization at 5K and an
applied field of 50 kOe for comparison)
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(L8g 7P sMNO3)1.4(SIO)x

decreases from 71.74 emu/g for x=0.0 to
54.21 emu/g for x=0.2 with the increase of
SiO, content. Due to the magnetic dilution,
the addition of SiO, does not change the Tc
values (about 346K for all composites), but
leads to a decrease in Ms. As would be
expected, the decrease of content fractions
of L&y 7PbosMnOs
would results in the inverse proportion

in these composites

between Ms and x.

The field dependence of magnetization
curves recorded at 5 K from —50 to 50 kOe
for the (Lag.7Pbp3sMNn0O3)1.4(SiO2)x
composites is shown as Fig. 4. All of the
composites show relatively sguare loops
indicating the similar magnetization process.
The values of saturation magnetization M,
obtained from the hysteresis curves at 5 K
and 50 kOe, decrease with the increase of
SiO, content. These results are consistent
with the data of high-field magnetization in
Fig. 3. The hysteresis fitting curves are
givenin Figs. 5. The hysteresis behavior

Table 1 Vaues of the fitting saturation
magnetization Mg and factor a.

Mst a n
x=0.00 71.9903 324.5867 1
x=0.05 68.5835 338.7230 1
x=0.10 64.8467 345.4385 1
x=0.15 60.2934 353.1646 1
x=0.20 54.3778 361.4719 1

can be modeled by the law of approach to
saturation in the form M = Mg (1 - a/H").
The term a/H" expresses the deviation of
magnetization from saturation. The factor a
is correlated with the
correlation length. The values of a and Ms
are both listed in Table 1. Obvioudy, a
increases as the increase of SiO, content.
Therefore, the value of the factor a depends

ferromagnetic

on the SIO, content of substitution and are
associated with the stability of the magnetic
phase. The smaler factor a for the
Lay7PbpsMnOs; rich samples resulting in
sharper sguare curves should be associated
with the long-range spin order of magnetic

moment.

4. Conclusion

Ceramic composites of
(Lao.7Po3sMn0O3)1.4(SIOy)x are synthesized
by using the chemical solid-state method.
These composites were characterized for
their structural and magnetic properties.
Ferromagnetism is suppressed due to the
magnetic dilution by the introduction of
non-magnetic SIO,. The appropriate fitting
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