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Low-field magnetoresistance of Lg,Sry ;MnO ; nanoceramics processed by
different precursor approaches and powder compaction techniques
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Effect of the precursor approach, the method of nanosized powders pressing, and the sintering temperature of ceramic samples on
the low-field magnetoresistance of nanosized La, ;Sr, ;MnO; ceramics was studied.

The discovery of a ‘colossal’ magnetoresistance in doped A solution of La, Sr and Mn chelates was obtained using
perovskite manganites with the general formula R MnO, pure-grade diethylenetriaminepentaacetic acigL{Hnd ana-
(Ris La, Pror Nd; A is Ca, Sr, Ba or Pb) caused interest in thilytical-grade Mn(MeCOQ)}4H,0, La,0; and SrCQ. First of
class of magnetosensitive materfatsAlthough no clear theory all solutions of heterobimetallic lanthanum—manganese chelate
is available, an attempt was made to explain the magnetd-aMnL and strontium—manganese chelate HSrMnL were pre-
transport properties of these complex oxides in terms of pared by refluxing the suspensions of corresponding reagents in
double-exchange mechanism between3Mand Mrf+ ions>  water. After that the polynuclear solution with the molar ratio
The large negative magnetoresistance of the doped manganifes3+*]:[Sr2*]:[Mn2*] = 0.7:0.3:1 was prepared by mixing solu-
near the Curie temperature results from the suppression of spions of LaMnL and HSrMnL in an appropriate stoichiometry.
fluctuations by a magnetic field and may be associated witffhe concentration of the resultant solution was 0.44 mofdm
both fundamental processes (colossal magnetoresistance in strangerms of M@+, pH 4. In the gelation process, we used acryl-
fields) and the influence of grain boundaries (tunneling effecamide, N,N-methylenebisacrylamide and,a'-azoisobutyro-
in low fields). In low magnetic fields (~0.1 T), the magneto- nitrile (Merck). We obtained solid precursors from the chelate
resistance of polycrystalline doped manganites depends aolution by two approachés:(i) gelation of solution followed
the grain sizé-4 Therefore, the preparation of nanostructuralby dehydration at 90 °C in air (‘(GEL samples) and (ii) micro-
ceramics with a grain size smaller than 100 nm is a topicalvave dehydration of solution (‘MW’ samples). By both proce-
problem from the point of view of practical application. For thisdures we obtained solid foams, which were then heat-treated at
purpose, a wide variety of solution-phase approaches have be@d0 °C (oxygen atmosphere, 10 h) to form phase-pure perovskite-
proposed. like LSMO, as established by X-ray diffraction (XRB)The

The synthesis of nanostructural ceramics met the problemesultant powders were compacted into pellets, which were
of controlling the recrystallization process when approachingir-annealed at 700, 800, 900, 1000 and 1100 °C for 15h to
the theoretical limit of densi®® The low ability of nanosized produce ceramics with different grain sizes.
powders to compaction additionally complicates this problem. The phase composition of complex oxides was detected by
Thus, the preferred routes of nanostructural ceramics preparatioiRD (a DRON-3M automated diffractometer). The average
are high-energy methods of compaction, since the applicatiograin size in powders was determined by the Debye—Scherrer
of these methods significantly decreases the temperature aeduation using a reflection in thé ange from 45 to 48°. The
duration of sintering:1© The method of pulsed magnetic powders were converted into pellets using normal pressing
compaction (PMC) makes it possible not only to reach a higli~400 MPa) and the PMC (with an amplitude of pressure
relative density of samples (0.7-0.8) using nanopowders bydulses of 1.5 GPa and a pulse duration of 300-H8)0Density
also to mechanically activate particles by producing a variety ofneasurements were carried out by a geometrical method. The
point and extended defects. mole ratio Mr*/(Mn4+ + Mn3+*) and the oxygen non-stoichio-

Here we describe the synthesis of, k81, ;MnO; (LSMO)  metry indexo of ceramic samples obtained were determined
nanopatrticlesia the thermal decomposition of precursors at aby iodometric titration [the relative error in calculation of the
relatively low temperature (700 °C). This work is also focusedvin4*/(Mn4+ + Mn3*) ratio was 3%]. The grain size of nano-
on the investigation of how the chosen precursor approach, dipowders and the microstructure of ceramics were examined
ferent methods of nanosized powders compaction, and sinterirgn a JEOL JEM-2000FX Il electron microscope (accelerating
temperature affect the low-field magnetoresistance (LFMR) of/oltage of 200 kV). Transition electron microscopy (TEM)
corresponding LSMO nanoceramics. and scanning electron microscopy (SEM) images were obtained
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Figure 1 TEM image of LSMO powder prepared by microwave treatment K
of the initial solution. Figure 2 Resistivityvs temperature for LSMO ceramic samples.
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at magnifications of 200000 and 100000, respectively. Resisrable 1 Characteristics of LgSr, MnO;, ; ceramic samples produced
tivity measurements were performed for samples approximatelyy the sintering of the initial powder with an average grain size of 31 nm.
5x1x1 mm in size by a standard four-probe technique using &

Keithly-2700 unit (resistivity curves were obtained by heatingsample Sintering  Mole ratio L, Oxygen Grain
the samples from liquid nitrogen temperature to 400 K). LFMRno. E%mperat“w/w; /M + Mn&) Pn%’g;tg":h'ometrysize/nm
at the liquid-nitrogen temperature was defined as MR(B)— '
—R(0))/R(0)]x100%, wherdR(B) andR(0) are the resistances in 1 700 32.0 0.010 31
the applied magnetic field and in the zero field, respectively. g 388 23'421 _8'88% i?
To transform the solution of polynuclear La, Sr, and Mn4 1000 8.3 0.009 80

diethylenetriaminepentaacetates into a solid precursor, twg 1100 26.3 -0.019 160
approaches were used: (i) gelation by acrylamide polymeriza=
tion and (ii) microwave treatment. After annealing the pre-sample decreases and contacts between grains become ordered,
cursors in an oxygen flow at 700 °C, LSMO nanopowderswhich results in a decrease of the resistance. In sample no. 5
were produced, and the average grain size of about 30 nm wabtained at the highest sintering temperature (1100 °C), the
in both cases according to calculations by the Debye—Scherreverall resistance of grain boundaries becomes smaller than
equation and TEM images (Figure 1). To obtain ceramic sampleie overall resistance of the grains. As a result, the plot of
with different densities, the resultant powders were convertetksistance versus temperature shows an extra pdak 368 K
into pellets by normal pressing and PMC (relative densities oforresponding to the Curie point.
compacts were about 45 and 70%, respectively). The dependence of the LFMR (magnetic field of 0.1 T) on
Table 1 summarises the characteristics of LSMO ceramicthe sintering temperature of LSMO ceramic samples is illustrated
processed by microwave treatment and normal pressing. lodin Figure 3. Note that the character of the sintering temperature
metric titration demonstrates that ceramic sample no. 1 is ‘ovechange in the LFMR is the same for all kinds of ceramic
oxidised’ and characterised by a positive oxygen nonstoichiosamples. Figure 3 demonstrates that an increase in grain size
metry indexo. This indicates that a cationic sub-lattice of thewhile the temperature of sintering gradually increased from 700
perovskite-like structure of the sample contains vacancies. Ab 900 or 1000 °C (in the case of ceramics processed by micro-
the same time, sample nos. 3-5 have negativalues, which  wave treatment and normal pressing) leads to an increase in the
point to the existence of oxygen vacancies in the anionic sul-FMR. A further increase in the sintering temperature up to
lattice. Thus, an increase in the sintering temperature from 700100 °C and, hence, in grain size brings about a certain decrease
to 1100 °C leads, as established by iodometric titration, to aim the effect magnitude. In our opinion, this non-monotonic
increase in the number of vacancies in the anionic sub-lattice dependence of the LFMR on the sintering temperature of
the perovskite-like structure, which is caused by eliminatiorceramic samples is determined not only by the size of nascent
of oxygen by the following quasi-chemical reaction: grains but also by the degree of their magnetic ‘ordering’. In
- all probability, grains and their boundaries in ceramic samples
05 > 0501 + Vo' + 28, obtained at lower sintering temperatures (700—900 °C) are poorly
where @ are oxygen atoms in the perovskite-like structureformed domains in terms of magnetic ordering with a high
V, " are oxygen vacancies, andage electrons. concentration of defects on which the parasitic scattering of
As follows from Table 1, the increase in sintering tempe-charge carriers takes place. An increase in the sintering tem-
rature of the initial powder from 700 to 1100 °C leads to arperature intensifies the formation of ferromagnetic domains and
approximately fivefold increase in the average grain size. improves the quality of boundaries, on the one hand, and leads
The resistive properties of ceramic sample nos. 1-5 are prés an increase in grain size, on the other hand. These phenomena
sented in Figure 2. It is shown that an increase in the sinteringroduce opposite actions on LFMR, which is resulted in the
temperature from 700 to 1100 °C leads to a decrease imergence of an extreme point on the curve of LFMR versus
resistivity by a factor of 45. This is reasonable, since the totadintering temperature. In samples obtained at the highest sin-
resistance of a sample is the sum of resistances of grains atgting temperature (1100 °C), the target effect is most likely
their boundaries. The sum resistance of sample no. 1 (Table IJJominated by the contribution of grains resistance, which is
obtained at the lowest sintering temperature (700 °C), is dominatedanifested in a decrease in the LFMR. As shown in Figure 3,
by the resistance of grain boundaries, which is reflected by thiae applying of PMC to initial nanosized LSMO powders with
existence of a broad peak in the resistivity curv& a272 K.  pressure pulses of 1.5 GPa causes an increase in the LFMR (at
This temperature is significantly below the Curie point and issintering temperatures of 700 and 800 °C for the ceramics ‘GEL’,
unrelated to ferromagnetic ordering in LSMO. With an increasand at 700, 800, 900 and 1000 °C for the ceramics ‘MW’) in
in the sintering temperature, the internal surface of a ceramicomparison with normal pressing (~400 MPa). This result can
be explained from the point of view that PMC provides the
formation of dense nanostructural ceramics with a big number

o ‘GEL, normal pressing

! of grain boundaries and point defects. The quality of as-prepared
0 o ‘MW, normal pressing nanoceramics in terms of magnetic ordering of grain boundaries
-12- :35\;‘ E,\'\//I'g is kept while sintering at a low temperature. At the same time,
I ' when samples produced by PMC are sintered at higher tem-
-13- peratures (up to 1100 °C), the LFMR decreases in comparison
I with the normal pressing in both cases of the chosen precursor
= —14r approach. It is caused by the intense diffusion between dense
S I connected grains and their active sintering at higher tempera-
% ‘15__ tures, which is accompanied by a decrease in grain boundaries
_16- contribution in the ceramics, processed by such a powerful
I method as PMC.
17k Comparing the magnetoresistive properties of ceramic samples
I ‘GEL’ and ‘MW’, we note that the method of initial solution
_18F transformation to the solid precursor influences quite definitely
I on the LFMR. As follows from Figure 3, ceramics ‘GEL
-19L s s I ! demonstrates higher values of LFMR than samples ‘MW’ in the
700 800 e 1000 1100 entire range of sintering temperatures while the same method
Sintering temperature/°C of nanopowders compaction is applied. In all probability, the
Figure 3 LFMR effect on sintering temperature for LSMO ceramics (in gelation of the solution of polynuclear diethylenetriaminepenta-
the applied magnetic field of 0.1 T). acetates creates the precursor that provides the formation of
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LFMR values. Thus, the application of PMC to initial nanosized
LSMO powders in combination with relatively low sintering
temperatures leads to an increase in the LFMR in comparison
with normal pressing. Moreover, ceramics ‘GEL’ shows higher
values of LFMR than samples ‘MW’ that can be explained due
to formation of nanostructural LSMO ceramics with a more
uniform grain size and fine grain boundaries. A very large
LFMR (about —18.5%) was achieved for the LSMO ceramics
‘GEL processed by normal pressing and sintered at 900 °C.

This work was supported by the Russian Foundation for

Figure 4 SEM images of LSMO ceramics produced by normal pressing
and sintered at 700 °Ca)(‘GEL' and () ‘MW",

nanostructural LSMO ceramics with the more uniform grain
size and fine grain boundaries in comparison with the cerargiss
produced by microwave treatment (Figure 4). As shown In

Figure 3, the ceramics ‘GEL’, processed by normal pressm=y
and heat-treated at 900 °C is a more interesting object from the
point of view of possible practical application due to the highest4
value of magnetoresistance (about —18.5% in an applied mag-

netic field of 0.1 T) among the test samples. g(j
In conclusion, we found that the nanosized powders_of

LSMO with an average grain size of 30 nm can be successfully
synthesised by polynuclear chelate homogenization in wWgigg
solution followed by the use of different precursor approaches
and the annealing of precursors in an oxygen flow at a lows
temperature (700 °C).

The non-monotonic dependence of LFMR on sintering tem10
perature is presumably caused by the interplay of two factors:
the grain size, on the one hand, and the degree of magnetit
ordering of grains and their boundaries, on the other hand. The
grain growth and formation of ferromagnetic domains and fin
boundaries, which take place while the temperature of sintering
increases, produce opposite actions on magnetoresistance, so
that its dependence on the sintering temperature of the initial
nanosized powder has an extreme point.

More importantly, we also demonstrated that differences in

Basic Research (grant no. 01-03-32930).
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