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Synthesis and magnetic properties of Yo5CaosCrosMnosOs compounds

Abstract. In this worka solid solution of chromite-manganite of the composition
Yo,5Ca05CrosMnosOs was synthesized using the sol-gel method. Based on the results of
experimental  studies of the magnetostatic — properties of the  polycrystalline
systemYo5CaosCrosMnosOs. It is found that the predominant is the intracrystalline
ferromagnetic interaction, while the intercrystalline interaction is antiferromagnetic in
nature.In the field of 2000 Oe and 5000 Oe at a temperature of 5 K, the magnetic moment is
not even positive. These dependencies were obtained after the sample was in a large negative
field. This initial moment is approximately equal to the residual moment on the hysteresis loop
for a temperature of 5 K. When the external field is increased gradually, for example, in
increments of 250 Oe, this moment increases to 1.2 emu/g at 2000 Oe. Based on the results of
magnetostatic measurements, it was found that hysteresis loops of magnetization are observed
at low temperatures.

Keywords: Sol-gel method, X-ray diffraction, yttrium-calcium chromite-manganite, the
antiferromagnetic interaction.
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Introduction. The rare earth manganese oxide RMnO:s (R is a rare earth element such as La, Pr,
etc.) has a natural perovskite crystal structure and antiferromagnetism. When the rare earth element R is
partially replaced by the divalent alkaline earth metal elements, perovskite oxides of the general
formula Ri~<AxMnQOs (A is a divalent elements such as Ca, Sr, Ba, etc.) is formed [1, 2]. In recent decades,
there are a lot of interest in these materials which have unique physical properties such as metal-
insulator transition behavior near the Curie temperature Tc, colossal magneto-resistance, phase
coexistence, charge ordering and so on [3-6]. These characteristics make manganese oxides have good
application prospect in magnetic recording devices, magnetic sensors and bolometric devices, etc. [7, 8].
In recent years, a large number of experiments on the effect of Mn-doping on the properties of
Lai-~«CaxMni-yByOs (B = Cr, Co, Ti, etc.) polycrystalline materials have show that the Curie temperature
and the MI transition temperature are decrease. However, temperature coefficient of resistance (TCR)
increases to a certain value first and then decreases [10, 11]. Kumar et al. found double peaks in Cr
doping at Mn-site, which was attributed the additional peak to antiferromagnetic (AFM) interaction due
to the super exchange (SE) mechanism between Cr* /Cr3 and/or Cr3/Mn* ions, except for the intrinsic
peak by DE interaction in 0T curves [12]. Mollah et al. reported that the Cr doping at Mn site exhibited
ferromagnetic (FM) insulating state at low temperature [13]. In addition, it is found that Cr doping has
rather slow decreasing effect on Tc and Twmi of the parent compound [9]. The effect of Cr doping on
Lao71Ca029MnOs polycrystalline ceramics was studied in this experiment. The Lao71Ca020Mni~xCrOs3
powder was prepared by sol-gel method, and then high-density, low-resistivity polycrystalline
ceramics were obtained by optimizing the sintering conditions. Compared with other methods for
preparing perovskite manganese oxides, such as conventional solid-state reaction and co-precipitation,
the powder prepared by the sol-gel method has the advantages of small particle size, good uniformity,
and more accurate chemical measurement. In the paper, Laoz1Cao20 Mni-x Cr«Os polycrystalline ceramics
were synthesized by sol-gel method with methanol as solvent. Compared with aqueous solution, this
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method not only can shorten the experiment time, but also can retain the advantage of aqueous
solvent sol-gel [14-15].

In the literature, there is almost no data on the properties of yttrium-based manganites, and the
introduction of chromium ions instead of manganese ions expands the variety of possible exchange
interactions. Therefore, we decided to investigate the magnetic properties of polycrystalline yttrium-
calcium chromite-manganites.

Experimental. For the first time,a solid mixture of Yo5Ca05CrosMnosOs was synthesized by the
sol-gel method. The raw materials used were chromium oxide, manganese oxide, yttrium oxide,
strontium carbonate, citric acid and glycerine (chemical clean). It is shown that the use of citric acid and
glycerol as a precipitator has a positive effect on the monophasicity of samples. The stoichiometric
amount of oxides is mixed and ground in an agate mortar until a homogeneous mixture is obtained. To
the resulting mixture, add 2 ml of distilled water, 2 ml of glycerol and 3 g of citric acid. To get the gel,
the mass is heated in an electric oven. After that, they were subjected to repeated annealing in a muffle
furnace in the temperature range of 600-1100° C with an increase in temperature every 100° C per hour.
Annealing was performed in six stages. The first stage is 600° C, the second stage is 700° C, the third
stage is 800° C, the fourth stage is 900° C, the fifth stage is 1000° C, the sixth stage is 1100° C with a total
duration of 39 hours. Intermediate grinding was performed after each stage of synthesis.

The formation of new phases was controlled by X-ray phase analysis, which was carried out on
the X-ray diffractometer Miniflex 600 (Rigaku). XRF data can be used to identify the phase and relative
percentages of the different phases of the prepared materials. Magnetic characteristics were studied on
the MPMS-XL SQUID magnetometer in fields up to 50 kOe.

Results and discussion. The formation of a new phase was studied by x-ray phase analysis,
which was performed on an x-ray diffractometer Miniflex 600 (Rigaku). For Figure 1 presents an x-ray
diffraction image of the sample. The absence of any additional reflections indicates the phase purity of
the sample. The use of Sol-gel synthesis method gives the best result. On the basis of x-ray indexing of
synthesized chromite-manganite, it was found that chromite — manganite crystallizes in the
orthorhombic syngony with the following parameters of elementary cells:Yos5CaosCrosMnosOs — a =
542A ,b=751A, c=5.26A, Z=4, Vuncell. = 214.74A3, prray = 6.03g/cm?, ppye = 6.02 g/cm?.
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Figurel. X-ray powder of Yo5Ca05CrosMnosO3
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The temperature and field behavior of the magnetic moment depends on the prehistory below
the temperature of 130 K. With the same initial temperature and the same applied field, the temperature
dependencies might look different. Moreover, the initial moment could be either positive or negative.

First, it was found that the sample does not always respond to a sharp change in the field. If the
sample was cooled without a field from a temperature of 200 K to 5 K and then a field of 2000 Oe was
set, the magnetic moment remained small (about 0.038 emu/g). In addition, a slight relaxation was
observed over time (Fig. 2, left). If the external field is increased gradually, for example, in increments of
250 Oe, this moment increases to 1.2 emu/g at 2000 Oe (Fig. 2, on the right).
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Figure 2. Left: the magnetic moment of the sample is 3 after applying the 2000 Oe field. On the
right: the same magnetic moment, but depending on the external field when changing in increments of 250

Oe

Second, the initial moment depends on the magnetic background. As you can see in Figure 3, in
the field of 2000 Oe and 5000 Oe at a temperature of 5 K, the magnetic moment is not even positive.
These dependencies were obtained after the sample was in a large negative field. This initial moment is
approximately equal to the residual moment on the hysteresis loop for a temperature of 5 K.
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Figure 3. Temperature dependences of thawing in the field after the sample stays in a large negative

field
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Partial hysteresis loops with different histories were also obtained. A shift in the center of the
loop was detected. For example, at a temperature of 55 K, after staying in the negative field -50000 Oe,
the loop is located below the origin (Fig. 4).

The center of the loop is lowered by approximately the value of the residual moment after
removing the field -50000 Oe. After staying in the positive field of 50000 Oe, the loop shifts to the top
(Fig. 5). The magnetization process does not coincide with what was observed after cooling in the zero
field from a temperature of 200 K (the black line in Fig. 5).
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Figure 4. Private hysteresis loops at a temperature of 55 K

2,0 T r r T

1.5 Y5.5Ca05CrsMng 503

"I BK

pem—— B ’)/‘

S o5 P

5 /

— 0,0 s

5 P4

5§ 05 //

S <08 |-

= ~/’ —~]
1,0 | P g i
ol i [r@”/of‘/ --=-- 5 K (after ZFC)

- A —— 5K (after -50000 Oe)
e —— 5K (after +50000 Oe) |
-2,0 1 i . 1

-2000 0 2000
Field (Oe)

Figure 5. Partial hysteresis loops at a temperature of 5 K. The black color is the magnetization curve
after cooling in the zero field
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Private loops at a temperature of 72 K are shown in Figure 6.
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Figure 6. Partial hysteresis loops at a temperature of 72 K. Gray color — the magnetization curve after cooling
in the zero field

In addition to the offset, there is a strong asymmetry of the loop at a small range of the external

field (Fig. 7).
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Figure 7. Private loop at 72 K in a small field
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This suggests that the granules are ferromagnetic, randomly oriented in space, and there is an
antiferromagnetic interaction between the granules. In this case, the intercrystalline exchange
interactions should be less than the intracrystalline one. It is clear that in such a system there is a
competition of intercrystalline interactions. Then the magnetization in small magnetic fields H < HEX,
(where HEX is the exchange field of the intercrystalline interaction) is determined by the rotation of the
magnetic moments of ferromagnetic crystallites, and here the magnetization behavior is similar to spin-
glass. Behavior in higher magnetic fields (H > HEX) is determined by overcoming intergranular
antiferromagnetic interactions and reversal of the magnetic moments of crystallites along the direction
of the external magnetic field. In strong magnetic fields, magnetization is associated with overcoming
the strongest interparticle interactions and within partial magnetic anisotropies.

Summary. In this paper, the problems of synthesis, structural analysis and morphology of
crystals of synthesized powders are considered for the first time. The symmetry type and parameters of
the elementary cells were determined by x-ray method. It was found that chromite-manganites obtained
by Sol-gel crystallization have an orthorhombic structure and correspond to the formula
Yo5Ca05CrosMnosOs. Based on the results of magnetostatic measurements, it was found that hysteresis
loops of magnetization are observed at low temperatures.

Acknowledgment. This article was prepared with the financial support of the grant of the
Ministry of Education and Science of the Republic of Kazakhstan NeAP05130165 “Development and
physical basis of new crystal systems in the class of multiferroics”.
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M.M. Maraes?, I'.C. Ilarpnn?, K.JK. Ceiiroekosal, JK.J1. Typcunaosa’

IKasax yammuix kul3dap nedazozukarvix ynusepcumemi, Aavameot, Kasaxcman
2Cibip pedepardvt ynusepcumemi, VnxerepAik Gpusuxa xare paouosreKmpoHuKa UHCHUmymol,
Kpacnosapcxk, Peceii

Yo,5Cao5Cro5Mnos0s3 KOCBLABICBIHBIH, CMHTE31 J)K9He MarHNTTIK KacueTrepi

Anaarnia. bya sxxymeicra Yo,5Ca05CrosMnosOs KypaMAbl >)KaHa XpOMUTTi-MaHTaHUTTIH KaTThI
epiTiHgici 304b-Teab ogiciMeH cuHTe3AeareH. JKaHa XpOMMTTI-MaHTaHUTTIH CHHIOHMA TYPi,
DAeMEeHTapABIK VAIIBIK IlapaMeTpAepi, peHTTeHOrpapuAAbIK >KoHe IIMKHOMETPAIK TBIFBI3ABIFBI
aHbIKTaAAbl. PenTtren pazaablK Taajay HaTUKeci OOVBIHINIA XPOMMUTTi-MaHTaHUTTEP OPTOPOMOTHIK
IIEpOBCKUT KYPBIABIMBI OOJibIHINIA MHAUIMPpAeHeAl. Yo5Caos5CrosMnosOs moankpucraaapl KyiieHiH
MarHUTOCTaTMKaABIK KacueTTepi BHKCIepPUMEHTTIK 3epTTey HaTKeaepi OONMBIHINIA —aAbIHABIL.
Kpucraaas peppomaruntti e3apa apekerrecy 6acbiM 00AaThIHBI aHBIKTaAAbl, ad KpMUCTaaAbl ©3apa
opekerTecy aHTUdeppomarauTTi cumnarka ue. 2000 Oe >xane 5000 Oe epicinge 5 K Temnieparypaga
MarHUTTiK MOMEHT OH OO0ABbIIl TaObLAMaliAbl. bya Teyeaaiaikrep yari yakeH, Tepic epicte 004FaH COH
aabpiHABL. CBIPTKHI ©pic OipTiHaen yaraiiraH ke3de, Mbicaabl, 250 Oe kagambiMeH, Oya cat 2000 Oe
kesinze 1,2 emu/g aeiiiH apTagsl. MarHmrocratMkaablk eAlleyAepAiH HITIKeAepi HeriziHge
MarHMUTTIiAIKTiH IICTePe3UCTiK Ty3aKTaphl TOMEHTi TeMIlepaTypasdapaa 0aiiKalaTbIHbI aHBIKTaAABL.

Tyitin cesaep: 3oabp-reab ajici, peHTTeHAIK Audpakiius, UTTPUI-KaAbIIUIIAL XPOMMUTTI-
MaHTaHNT, aHTU(EePPOMarHUTTIK ©3apa apeKeTTecy.
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M.M. Maraes?, I'.C. Ilatpun?, K.JK. Cerir6exosal, JK.J. Typcunaosa’
IKasaxckuil HAYUOHAADHDLL XKeHCKUi nedazozuieckuti yHusepcumem, Aamamol, Kasaxcman
2 Unemumym unxereproti gpusuxu u paduoarexmpornuxu, Cubupcrkuii pedeparvtiotii yrusepcumen,
Kpacnospcx, Poccus

Cunre3 1 MarHuTHBIEe cBOVicTBa coeavHeHmi Yo,5CaosCrosMnosOs

AnnoTarms. B Hacrosmen pabore 304b-reab MeTOA0M OBLA CHHTE3MPOBAH TBEPABINL PacTBOP
xpoMuto - ManraHmra coctaBa Y05Caos5CrosMnosOs. OmnpegeaeHbl TUII CHMHTOHMM, IapaMeTphl
DA€MEeHTaPHOII sIYeliKY, peHTreHorpaddeckrie 1 MMKHOMEeTPUYeCKe I I0THOCTY HOBOTO XpOMMITa-
MaHTaHMTa. YCTaHOBAEHO, 4YTO CUHTE3MPOBaHHBIN  XPOMUTO-MaHTaHUT  KPUCTAAAU3YeTCs B
OpPTOPOMONYECKOV CMHIOHUY U MMeeT IIePOBCKUTIIOA0DHYIO CTPYKTYpy. MarautoctaTucruyeckme u
MarHMTOpe30HaHCHbIe CBOJCTBA ITOAMKPUCTAaAANYecKol cucTeMbl Yo,5CaosCrosMnosOs ycTaHOBAEHHI 110
pesyAbTaTaM ®KCIIepMMeHTaAbHBIX uccaeioBanuit. IloaydeHo, 4ro mnpeoOaasaiomiuM  sBAsSETCS
BHYTpPUKpUCTalAdeckoe (eppoMarHuTHOe B3alMOAENCTBMEe, IIPM BDTOM MeXKpHUCTalandeckoe
B3alIMOJEIICTBMe HOCUT aHTU(eppPOMarHUTHBIN XapaKTep. YCTaHOBAEHO, 4YTO IpeoDAajalomym
SIBASETCSI  BHYTPUKpUCTalamdeckoe (eppoMarHMTHOe B3aMOJEIICTBME, B TO BpeMs Kak
MEeXKpHCTaAAdeckoe B3aiMOAeICTBIe HOCUT aHTU(epPOMarHuTHBIN XapaKTep. B mmoae 2000 Oe n
5000 Oe mpu Ttemmneparype 5 K MarHuTHBII MOMEHT JaXke He SBASETCA ITOAOXKUTEABHBIM. DTU
3aBJMCUMOCTI OBLAY MOAY4YeHBI II0CA€e TOTO, KaK oOpasel] HaXOAMACS B OOABIIIOM OTpUIIaTeAbHOM IIO/e.
MarHuTHBII MOMEHT IIPMMepHO paBeH OCTaTOYHOMY MOMEHTY Ha IleTAe TucTepesyca Ipu TeMIlepaType
5 K mpy mocreneHHOM yBeAMYEHUM BHEIIHEro I104s, Hanmpumep, ¢ marom 250 Oe, 5TOT MOMeHT
yBeanumpaerca 40 1,2 emu/g mpm 2000 Oe. Ha ocHOBaHMM pe3yAbTaTOB MarHMTOCTATUMYECKMX
u3MepeHnii ObLAO yCTAaHOBAEHO, YTO IVICTEPe3VCHBIE IIeTAV HaMarHMYeHHOCTU HaOAIOAAIOTCS IIPU
HI3KUX TeMIlepaTypax.

KaroueBble caoBa: 301b-TeAb MeTOA, PEHTI€HOBCKas AMQPPAKINS, UTTPUIT-KaAbIIVEBbIN
XPOMUTO-MaHTaHUT, aHTU(EePPOMarHUTHOE B3alIMOAEIICTBIIE.
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