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Processing-dependent CMR properties of Ca(Cu,MpPD,, manganites
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A strong dependence of physical properties on preparation conditions was found for the perovskite-like CaMn; _,Cu, Mn,O,, solid
solution demonstrating a record negative magnetoresistance of -65% at 35 K in a field of 5 T, for x = 1.0.

The family of manganites CaMn,CuMn,O;, with a  reaction using the oxide powder milled with a planetary micro-
perovskite-like structufes is known to exhibit a unique mech- mill in heptane for 15-120 min in agate bowls. The fine powder
anism of colossal magnetoresistance (CMR), advanced CMBbtained was then pressed in air into pellets under 0.8-5.4 kbar
properties at comparably low fields and better thermal stabilityiniaxial pressure at 250 °C for 3-4 h using a standard press
of the effect that attracts renewed fundamérftat and also  with hot plates [mechanically-activated-and-densified precursor
practical-3 — interest to these compounds due to potentia(MAD) method]. The pellets were placed in alumina boats, iso-
applications as magnetic sensors and read heads. At the sathermally annealed at 600-1050 °C in a simple tubular furnace
time, the reported MR properties of CaMpCuMn,O,, vary  under a dry oxygen flow for 50-150 h with intermediate
drastically in different experimentsand the origin of this con- grindings, and air-quenched from respective temperatures.
tradiction is not yet established. Therefore, in this work, a new Powder X-ray diffraction patterns for phase identification
simple preparation technique was developed to study the physicakre collected in thef2range of 20-70° (STOE diffractometer,
properties of CaMp_,Cu,Mn,O,, solid solution prepared under CukK,,). The unit cell parameters were determined by the least-
different conditions.

CaCQ, CuO and MgO, reagents mixed in stoichiometric 15000° gog o
ratios were stirred at 40-80 °C in an excess of 65% nitric acid
with about 10—-20% of D, added to reduce the MD; powder
to soluble MM nitrate. After complete dissolution of the 10000-
reagents, the nitrate solution was kept at ~100 °C for 1 h to
evaporate the water and then slowly heated up to ~500 °C. The 5000-
dark flaky product thus obtained was ground to form the oxide,
precursor powder used in all the subsequent syntheses. Th& 4,00 '
CaMn, _,CuMn,O;, samples were prepared by a solid-state — 950 °C
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xin CaMn, _,CuMn,O,, Figure 2 Chemical and phase composition analysis data of CMR
samples. & Powder XRD patterns of single phase CaCy®p samples

Figure 1 The homogeneity field of the CaMn,CuMn,O;, solid solu- obtained from the same precursor at different temperatuzes—2%

tion (SS) atpy, =1 bar along the CaM®,,—~CaCyMn,O,, polythermal  of impurity phases as confirmed by XRD and SEM, Ca:Cu:Mn=

section accoréing to XRD, EDX and TGA/DTA datay, B, C and D =0.99(5):1.01(5):5.99(3), as determined by EDX]; insets show the dif-

denote compositions prepared at 850 °C and used to measure the M&ence in microstructuresy)(TGA data of the samples; inset shows DTG

properties of the solution, while the C, C1, C2, C3 and C4 points areurves demonstrating the beginning points of weight loss; according to

samples of the same compositior=(1.0) obtained at different tempera- iodometric titration, the average oxidation state of Mn is 3.33-3.34 for the

tures in the range of 800-1000 °C. samples obtained at 800—900 °C, as expected for this compound.
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Figure 3 Magnetic properties of CaMn,CuMn,O;, samples. Solid 0.4 0.6 0.8 1.0 1.2 14 1.6
curves correspond to the samples of different compositions obtained at xin CaMn. .CuMn.O
830 °C,x values are denoted near the curves. In some cases, only & part o aMn, _,LuMn O,
curves is shown like in the inset£ 0.0 sample). Symbols connected by
curves show the behaviour of samples of the samel(0) composition ToredK (b)
obtained at different temperatures. 250 1100 1150 1200
squares fit of the peak positions obtained with a focusing FR-552 } O

Guinier camera (Culq, germanium as an internal standard).
Microstructure investigations and electron probe microanalysis
were performed with a Leo Supra 50VP digital scanning electron
microscope (SEM) equipped with an Inca (Oxford) energy-
dispersive X-ray detector (EDX) with the spot size gn3. To
confirm chemical compositions, EDX spectra were collected :
for each test sample from about 10 randomly selected grains or 5 ‘FM
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areas; the oxygen content was additionally determined using 2
iodometric titration and thermal analysis (Perkin Elmer Pyris 2 Semiconducting
Diamond, temperature range of 20—1100 °C, 5 K-lireating g 501 ;
rate, ALO, standard, 10-15 mg of samples). Magnetic properties = o 3 |
were measured on an MPMS XL SQUID magnetometer (Quantum AEM'
Design) in a ZFC regime. Magnetoresistance measurements 0 s . s s
were carried out with a standard four-probe technique with silver 0.0 0.5 1.0 15
paste contacts using a PPMS 6000 SQUID magnetometer in xin CaMn;_,CuMn,O,,

the temperature range of 5_.300 K at magnetic fietgsfiom Figure 4 Fundamental constants as functions of preparation temperature

0 to 7T. CMR effect magnitudes were calculated as MR :(Tpre of the CaCuMgO,, CMR phase (CL, C2, C3 and C4 points in

= [R(H) — R(0))/R(0)*100%. Figure 1) as compared to changes caused by a composition variation (A, B,
The optimization of preparation conditions gives a possibilityC and D points in Figure 1).a) Lattice constantsa[= 7.268(4) +

to find tentatively the boundaries of the CaMgCuMn,O,, +4.4(4)x105T, ., R=0.9943], open circles correspond to a combined set

solid solution homogeneity field (Figure 1) being potentially of our and published data; dark circles are given forxthe.0 samples

; p ; : btained at different temperatured) (experimental magnetic ordering
the most important guidance in the controllable preparation q‘?emperaturegc: 800(16) — 0.54(I1,,., (R = 0.9993) for thex= 1.0 series.

this compound with desired CMR properties. In particular, thigy, (@ and b), gray shading shows the range of parameter chavges
solid solution can be obtained under ambient conditions witkhanges in the same parameters for the samples with different compositions.

different compositions of & x < 1.5 and in a wide temperature
range of 750 °G= T < 1060 °C. The homogeneity field has a samples. Our ceramic samples prepared by the MAD technique
maximum compositional widthxE 0-1.5) at ~850 °C (points reproducibly demonstrate record CMR values for this system,
A-D, Figure 1), while it is possible to prepare the CaCy®n  exceeding —65% at 35K and 5T, which is twice as high as
(x=1) phase in the broadest range of temperatures from 750 pseviously published values. Hence, the only CaCyMsn
1000 °C (points C, C1, ..., C4, Figure 1). Thus, there are at leasbmpound, having the same cation and anion composition and
three degrees of freedom in the variation of properties of theame pre-treatment (120 min of precursor milling and 4.6 kbar
solution: composition, microstructure and temperature. of pressing at 250 °C for 3 h), was used then to clarify the role
Intergrain spin-polarised tunneling (TMR) makes a largeof thermal preparation history.
contribution to the total magnetoresistance in this particular Temperature is the most common parameter varied to prepare
systend-4 thus demanding an optimised microstructure fora desired material. Indeed, annealing at different temperatures
improved CMR properties. Indeed, we found recéntlyat  (at least in the range of 800-1000 °C, Figure 2) preserves same
there is a drastic influence of microstructure on MR propertieshemical composition and phase assemblage; however, it causes
as is easily controlled by a pre-treatment stage including, mostigvident microstructural changes [Figure)2{nsets]. The micro-
milling time and pressing effort during warm compacting of structure is composed of micron- and submicron-sized rounded
mechanically activated precursors. Furthermore, the magnitudgains connected with each other in a highly interlinked per-
of MR was believed to increase monotonically with increasingcolation networke Sintering at higher temperatures allows us
x, and the highest values were reported for the Qd@,0,,  to achieve larger well-developed and strongly linked grains of
(x=3) or Ng sCa, :Cu;Mn,0,, solid solutions with a maximum this CMR solution. In both cases, sintering temperatures and
copper contenit-4 In contrast, our samples exhibit a maximum annealing durations are moderate and do not exceed 1000 °C
of MR for x=1 achieved as soon as other preparatiorand 50 h, respectively. Therefore, it is easy to vary the micro-
conditions (precursor pre-treatment, annealing temperatursfructure from porous to dense ceramics having very different
atmosphere and microstructure) were optimis€&iking both  grain sizes and the numbers of intergrain contacts.
composition and optimal precursor pre-treatment conditions The test solid solution, as found, has an unexpectedly large
may allow us to achieve the best CMR performance of thelependence of its properties on preparation temperature influ-
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encing both microstructural features of the material (Figure 2References

and also fundamental characteristics of the crystal lattice
(Figures 3, 4); therefore, this is the most complex preparation
parameter in the case of the Ca—Cu-Mn-O system. It was
found that CaCuMgD,, single-phase samples quenched from 2
different temperatures (800—950 °C) demonstrate a linear increase
of cubic cell parameters, 0.004 A per 100 °C [Figura)}4( ®=3
the temperature of magnetic ordering exhibits [Figures 3 and
4(b)] the same tendency decreasing by 60-70 °C per 10(&&(}1
(Figure 4). The samples were found (Figure 2) to be a singie
phase (XRD) of the same composition (CaCy®lp, EDX)
with the same crystal lattice (space grom3, Rietveld refine-
ment) and identical oxygen content (TGA and iodometric titra-
tion). Therefore, the observed anomaly may indicate differzats
ordering of M3+ and Cd@* ions in the A and B positions of the
A3B,C,0,, structural type. This situation seems to be typical of 7
complex oxides with perspective magnetic and electrical pro-
perties?-11 Thus, the CMR properties of manganites as multi-
component solid solutions are determined not only by the solicg
solution composition and sample microstructure but also depen
on possible cation disordering in its lattice controlled by a 819
paration temperature and, therefore, demanding for more careful
control of preparation conditions of the CaMpCuMn,O,, m=E11
magnetoresistive solid solution.
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