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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hawea2o coobuwecmea.
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THE COMPOSITION AND STRUCTURE
OF BISMUTH-DOPED DYSPROSIUM MANGANITE

Abstract. The task of this work is to further study the composition and morphology of the powders of man-
ganite synthesized by Sol-gel method using oxides of dysprosium, manganese and bismuth. It is shown that when
using nitric acid as a precipitator, a single-phase powder can be obtained. Were identified methods of obtaining
perovskitelike powders of dysprosium manganite. Structural and morphological properties of the samples were
studied by x-ray phase analysis (X-ray) and scanning electron microscopy (SEM) in combination with optical micro-
scopy. By the method of X-ray phase analysis has previously been used to determine the structure and parameters of
elementary cells of the synthesized manganite. According to X-ray data, the manganite has an orthorhombic structure
with the following parameters: a=5.2793, b= 5.83, C=7.382 A, Z=4. Methods of optical and electronic microscopy
defined shapes and sizes of the obtained powders of the manganite. It is shown that the powders of manganite are
formed in the dendritic structure and it has particle sizes from 1 micron to 30 microns.

Key words: double bismuth manganite, Sol-gel method, structure, optical microscope, electronic microscope.

Introduction. The development of spintronic devices based on nanoscale boundaries of magnetic
materials is a complex task. In [1], heterostructures of complex materials with the use of manganites,
multiferroics, compounds of rare earth elements, etc.for non-volatile storage devices were considered.
Recently, a structure for memory cells has been proposed, providing reliable spin manipulation and
switching of magnetization between two stable positions in intermetallic structures [2]. The solution is
based on the superlattice of single-bonded rare earth compounds TbCo; and 3d transition metal FeCo. The
structure is characterized by a giant magnetostriction and demonstrates the transitions of spin reorientation
by an external magnetic field and/or elastic deformation [3, 4]. In transition metal oxides R;.xAxMnOs3
(manganites), where R is one of the rare earth elements La or Pr, A is one of the alkaline earth metals Sr or
Ca, the new state electric and magnetic phases can occur when electric fields and strains in thin films or on
surfaces with dielectrics or other oxides. [5].

Methods. In this method of synthesis, trivalent metal oxides were used: dysprosium, manganese and
bismuth. The required amount of oxides was dissolved in distilled water. Citric acid and glycerol (2:3)
were added to the obtained solution as gelling agents. Then the solution was heated using an electric stove
with constant stirring at 80°C to remove excess water and obtain viscous gels. The gel was dried at 250°C
and annealed at 500°C for 10h to obtain the desired powder. The powders were crushed in an agate mortar
to obtain a homogenous mixture. Then they were placed in crucibles and annealed at temperatures of
600-1000°C for 19 hours [6].

The finished single-phase powder of the manganite was studied using XRF to determine the structure,
parameters of electronic cells and methods of optical and electron microscopy.
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Results
X-ray diffraction. It was found that the manganite synthesized by the Sol — gel method is single-phase
(figure 1).

Meas. data:2 proba 1000 ——

L]
[
=

3
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Figure 1 — The diffraction pattern of the manganite synthesized by the sol-gel method

The formation of new phases was controlled by the method of x-ray phase analysis produced by
X-ray diffractometer Miniflex 600 (Rigaku) using CuK o-radiation filtered by the Ni filter (U = 30 kV,
J =10 MmA, the rotation speed of 1000 pulses per second, time constant = 5 sec., the range of angles 20
from 5 to 900). Radiographs of the synthesized polycrystalline powders were indicated by the homology
method (homologue is a distorted structure type of perovskite). The density of manganites were deter-
mined by the pycnometric method according to GOST 2211-65. Toluene served as indifferent liquid. The
density of the manganite was measured 4-5 times and data were averaged [6].

Table 1 — The results on indexing of radiographs of manganite

# [°2Th.] d[A] Int. [%] 10%/d*xker. hkl 10%/d*reop.
1 11.38 7.769 0.2 165.67 (1,1,0) 165.67
2 16.12 5.494 1.8 3313 (2,0,0) 3313
3 19.78 4.486 6.5 496.91 2,1,1) 496.91
4 22.87 3.885 2.7 662.54 (2,2,0) 662.54
5 25.62 3.474 2.2 828,59 (0,1,3) 828,59
6 28.11 3.172 100.0 993,88 (2.2,2) 993,88
7 30.42 2.936 3.0 1160,08 (1,2,3) 1160,08
8 32.57 2.747 37.0 13252 (4,0,0) 13252
9 34.61 2.590 3.9 1490,74 (4,1,1) 1490,74
10 36.54 2.457 1.7 1656,49 (0,2,4) 1656,49
11 38.40 2.342 23 1823,16 (3.3,2) 1823,16
12 40.18 2.243 0.6 1987,65 (4.2,2) 1987,65

The results of the synthesized manganite radiograph indexing by different methods show that the
manganites have the orthorhombic structure with the following unit cell parameters (table 2).

The reliability of the indexing results is controlled by a satisfactory coincidence of experimental and
calculated values of the inverse squares of the interplanar spacing’s (10%/d%), and the coincidence degree of
the x-ray and pycnometric densities values of the studied compounds.

Thus, the double bismuth-manganite BDMO was synthesized by the sol-gel method, where glycerin
was used as the stabilizer of the sols. The use of this method made it possible to obtain single-phase
crystalline particles with a much shorter time [6].
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Table 2 — The unit cell parameters of the manganite obtained by sol-gel method

Ne Compound a B c Voncells A3 Z P rays g/cm3 Poye.s g/cm3

1 Big 1Dy 9MnO; 5.2793 5.83 7.382 227.26 4 7.765 7.761

Morphological study. Figure 2 shows a micrograph of manganite powders taken from a digital
material science microscope Leica DM 6000.

10 pm !
ey

10 umiSs
ety

©)

Figure 2 — A micrograph of powders of manganite with different magnifications:
a) an increase of 50, b) an increase of 100, ¢) an increase of 150

Microstructure of bulk samples was studied by scanning electron microscopy (SEM) JOEL JED-2300
with approaching up to x2000 and the ability to conduct elemental analysis. Photographs of the coatings
obtained are shown in figure 3.

This increase in particle size with the level of doping is apparently due to a change in the melting
point of the samples, which reduces the increase in the content of cations of alkaline earth metals. Accor-
ding to Harton et al. (2002), this effect leads to a liquid-phase process, which is facilitated by sintering and
increasing grain growth. On the surface, it can be seen that the resulting coating has a dense structure
consisting of 50 pm crystals.

The elemental analysis performed on an electron-scanning microscope (insert in figure 4) showed
that the atomic fractions of the elements practically coincide, which corresponds to the formula of
bismuth-dysprosium manganite — BDMO. As can be seen from figure 3, the powders obtained by this
technology are practically monodisperse, which is a great advantage of the method.
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Figure 3 — A micrograph of manganite powders taken on an electron microscope with different magnifications:
a) an increase of 100, b) an increase of 2 000, ¢) EDS microanalysis

Discussion. The manganite powders obtained by the sol-gel method have a single-phase structure.
According to micrographs, manganite has particle sizes from 1 micron to 30 microns.

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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BUCMYTIEH JIETUPJIEHTEH JUCITPO3UI MAHT AHUTIHIH, KYPAMBI )KOHE K¥PBLIBICHI

AnHOTanusi. ByJl >KYMBICTBIH MakcaTbl AWMCIPO3WH, MapraHel| »XoHE BHUCMYTTBIH OKCHATEpPIH MNaiilanaHbii
30JIb-TeJIb SMICIMEH CHHTE3ICITCH MaHTAaHWT YHTAFbIH apbl Kapail KypaMmbl MEH MOPQOJIOTHACHIH 3epTTey OOJBII
TaOBUTaIBl. A30T KBIIIKBUIIBIH TYHOAFa TYCIPYIIi peTiHAe Mmaifaiany apKbUIbl Oip (as3alibl MAHTaHUT YHTAFBIH alTyFa
0ONaTHIHIABIFB KopceTinreH. [IepoBKCUT THITI AWCIPO3WH MaHTAHWTIHIH YHTAFBIH ally OiCi aHBIKTAIFaH. YJITi-
JepIiH KYPBUIBICTHIK XKoHE MOP(OIOTHSIBIK KacueTTepi peHTreHodasanslk tannay (POT) sxoHe onTHKaNIbIK MUKPO-
CKOMUSIMEH Oipre CKaHupleyln 3ieKTpoHapl Mukpockonus (COM) omicrepimen 3eprreini. BypbiH penTreHodasa-
JBIK Tajgay OMiCi apKbUIBl CHHTE3JENreH MAHIAHUTTIH KYPBUIBICHI MEH KapamaibIM YAIIBIK IapaMeTpiepi aHbIK-
tasirad. POT monimerTepi OOMbIHIIIA MAaHTAHUT OPTOPOMOTHI KYPBIJIBICKA M€ €KeHI KOpCeTIIl JKoHe HapaMeTpliepi
Kenecigeii: a=5.2793, B= 5,83, ¢c=7.382A, Z=4. OnTuKansiK xoHe MeKTPOH/bI MUKPOCKOMHS diCTEPIMEH aJIBIHFAH
MaHI'aHUT YHTaKTapbIHbIH KeﬂeMi MCH enmeMuepi AHBIKTAJIJIbI. Manranur YHTaKTapbIHbIH [leH[lpl/ITTi KYPbUIBICKA UC
€KeHI KepCceTIi XoHe OHbIH ememMepi | MukponHad 30 MUKPOHFa apaJIbIFbIHIA.

Tyiiin ce3mep: BUCMYTTBIH KOCapjlaHFaH MaHTaHHTI, 30Jb-T€lb SMiCi, KYPBUIBIC, ONTHKAIBIK MHKPOCKOII,
3JIEKTPOH/BI MUKPOCKOII.

M. M. Maraes', C. M. Cakcena’, I'. C. Ilatpun’, %K. . Typcunosa’,
M. P. A6apaiimoBa, M. A. Hyp6ekosa', %K. JI. BatbipGexoBa’

'Kasaxckuii rocy1apcTBEHHBIT XEHCKHI T1e[arorneckuii yuuepeuter, Anmarsl, Kasakcran
5 b 9 2
KemOpumxckuii ynusepcuret, KemOpumk, Benrkobpuranus,
3Cubupckuii penepanbubiii yaupepcurer, Kpacrospek, Poccus

COCTAB U CTPYKTYPA JIETUPOBAHHOI'O BUCMYTOM MAHI'AHUTA JUCITPO3USA

AHHOTanus. 3ajadyeil TaHHOW paOOTHI sBISACTCSA NANbHEHIEE WCCICAOBAHHE COCTaBa M MOPQOJIOTHIO MO-
POILKOB MaHraHUTa, CUHTE3UPOBAHHOTO 30JIb-T€JIb METOOM C MCIIOJIb30BAHMEM OKCHJOB JUCHPO3UsS, MapraHua u
BucMyTa. [loka3aHo, YTO MpPHU HCIIONB30BAHUM A30THOW KHMCIOTHI B KAYECTBE OCAAUTENS] MOXHO INOJYYUTh OJHO-
(hazHBII TOPOIIOK. BRI Ompenene bl MEeTOIBI TTOTYIEeHHUS TIEPOBCKUTOOTOOHBIX ITIOPOIITKOB MAaHTaHUTA JUCIIPO3HSI.
CrpyKTypHble 1 MOP(OIOTHUECKHE CBOWCTBA 00pa3LoB M3ydalld MeTojgaMu peHTrenodaszosoro anammsa (PDOA) u
CKaHUPYIOIIEH 3J1eKTpoHHOW MHUKpockomuu (COM) B codeTaHMHM C ONTHYECKOW MHKpOCKomueil. Meromom peHT-
reHo(a3o0BoOro aHanu3a panee ObLIM ONPEENICHbI CTPYKTYpa U MapaMeTpPhbl IEMEHTAPHBIX S4YeeK CHHTE3UPOBAHHOTO
manranuta. [lo nanHeiM POA ycTaHOBIIEHO, YTO MAaHTAaHUT UMEET OPTOPOMOMYECKYIO CTPYKTYPY CO CIEAYIOIMMU
mapamerpamu: a=5.2793, B= 5,83, ¢=7.382A, Z=4. MeTogaMu ONTHYECKOH U JMEKTPOHHON MHKPOCKOIHIA OIIpe-
JieJieHbl GOPMBI U pa3Mephl MOJYYCHHBIX MOPONIKOB MaHraHurta. [loka3aHo, 4TO MOPOIIKM MaHTaHUTA CKJIaJIbI-
BaIOTCSI B IEHAPUTHYIO CTPYKTYPY M OH UMEET pa3Mephl yacTull OT 1 MuKpoHa 10 30 MUKPOHOB.

KaioueBble cjioBa: JBOMHON MaHTaHUT BHUCMYTA, 30Jb-T€lIb METOJ, CTPYKTypa, ONTHYECKHH MHKPOCKOIL,
JNEKTPOHHBIA MUKPOCKOIL.
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