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ABSTRACT

The article discusses the synthesis and structure of polycrystalline nanocomposite MnCo,0,-GdCrO, material. The
sol-gel method was used as a synthesis of the study. Using X-ray phase analysis (XPA), the structure of the synthesized
nanomaterial composition was determined: spinel — cobalt manganate and perovskite — gadolinium chromite. Based
on the results of the analysis, it was established that the polycrystalline two-phase composite is a system of spinel-
cubic and perovskite-tetragonal types. Morphological analysis of the nanocomposite was carried out using a scanning
electron microscope (SEM). According to the data obtained as a result of SEM, the elemental composition was
confirmed and the average nanosize of the nanomaterial was obtained, and the content of the compound increased to
x2000 was determined, the particle size of MnCo,0, is 383-281 nm, GdCrO, — 1.63-1.34 um; increased to x4000,
particle size — MnCo0,0, 277-219 nm, GdCrO, — 1.48-1.27 um; increased to x6000, particle size — MnCo,0, 239-209
nm, GdCrO, —1.21-1.07 pm.
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1. Introduction

Research in multifunctional materials for
advanced energy technologies aimed at overcoming
major challenges in energy conversion and storage.
Material development transition metal oxides have
attracted attention due to their high electronegativity,
rich redox reactions and high density of active sites,
low cost, environmental friendliness and excellent
electrochemical performance [1].

Materials with the typical chemical formula
AB,O, spinel have gained widespread acceptance
and application in the field of energy storage and
storage [2], and also as electrocatalysts. Particular
attention is paid to spinel materials with a bimetallic
oxide structure, since they can lead to the creation
of materials with higher electrochemical activity,
electrical conductivity and more abundant redox
reactions compared to monometallic oxides A
and B [3]. Some studies report recent progress
in the use of NiCo,0, spinels in batteries [4],
supercapacitors [5], and sensors [6]. Very recently
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[2] summarized the major achievements of MCo,0,
(M=Co, Ni, Zn, Cu, Fe and Mn) based 2D spinel
materials as an integrated electrode, detailing
various other nanomaterials and Co based 2D spinel
materials for this applications. Current applications
of MnCo,0, spinel are especially in energy
conversion and storage. In fact, this compound has
gained wide recognition as a promising, versatile
and cost-effective bifunctional non-noble metal
electrocatalyst due to its high redox stability,
complementarity and synergy of both transition
metals (manganese and cobalt), as well as efficient
alternating valence states [7-10] In addition In
addition, it is important that the supercapacitor
has a suitable pore size distribution and a large
specific surface area, which will reduce electrolyte
consumption by regulating the porous structure and
morphology of the electrode, which determines
ion diffusion and conductivity, thereby affecting
the capacity of the supercapacitor [11]. Various
morphologies of MnCo,0, can be prepared and
tested for suitability as a supercapacitor electrode,
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such as spheres [12], granular [13], nanorods [14,
15], nanosheets [16-18], cuboid microcrystals [19],
nanoneedles [20 ], tunable porous [21], nanocages
[22], network-like porous [23, 24], cubes [25, 26]
and hollow spheres [27]. The use of spinel materials
based on MnCo,0, materials for energy storage
and conversion are promising components of a new
concept of energy technologies. It is also important
to emphasize that other applications are possible,
for example, the use of MnCo,0,-based catalysts
to convert greenhouse gases (CO,) and toxic gases
(CO) into chemical fuels. From this perspective,
MnCo,0,-based materials play a key role towards a
more sustainable society and industrial applications.

In recent years, research into magnetocaloric
materials has attracted worldwide interest due to
the high potential of their use in magnetic cooling
processes [28, 29]. The zircon-type ferromagnetic
phase GdCrO, is characterized by high values of
magnetocaloric (MC) parameters. The effect of high
MC is enhanced by polarization of Gd** ions by
Cr® ions through the weaker Gd-Cr interaction. The
effect should be considered when searching for new
compounds with high MC effect in the range of liquid
hydrogen or natural gas, concerning the liquefaction
of gases by magnetization-demagnetization cycles
[30]. The metal gadolinium exhibits magnetocaloric
effect (MCE) through a second-order phase transition
from paramagnetic to ferromagnetic (FM) at room
temperature (TC = 293 K) and has been used as a
cooling material in prototype magnetic refrigerators
since the 1970s, starting with Brown’s refrigerator
[31]. However, 1997 discovered the so-called
«giant FEM» in Gd;Si,Ge, [32], many studies have
been conducted mainly in intermetallic compounds
containing rare earth elements [33]. In oxides, such
examples are numerous, especially for rare earth
transition metal oxides. Gd;Gas;O,, [34], RMnO;
[35], EuR,0, [36] and RMn,0s [37], where R = rare
earths, have high thermal and chemical stability
and exhibit large FEMs in the low-temperature
region. In addition, the ferromagnetic in zircon
phase GdCrO, can be used for magnetic cooling.
New families without rare earths in the composition
have also been investigated as materials for cooling
near room temperature [38]. Previously, Mataev et
al. synthesized chromite-manganite phases by sol-
gel method, the composition of which was studied
by X-ray diffraction [38]. Previously, Mataev et al.
synthesized chromite-manganite phases by sol-gel
method, the composition of which was studied by
XPA diffraction method, a single-phase composite
nanomaterial was obtained [39].
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Fig. 1. Diffraction pattern of a polycrystalline MnCo0,0,-GdCrO,
composite.

2. Experimental part
2.1. Materials and research methods

The following starting reagents were used as
materials: gadolinium (III) oxide ((Gd,03), 99.99%
TU 48-4-200-72, Russia); manganese (III) oxide
((Mn,05), 99.99% GOST/TU 6-09-3364-78, Russia);
chromium (III) oxide ((Cr,0;), 99% GOST TU 6-09-
4272-84, Russia); cobalt (II) carbonate ((CoCOs),
99.99% GOST 5407-78, Russia). The following
equipment and measurement methods were used: an
alumina crucible (diameter 50 mm (5 cm)); a Brazilian
agate mortar (diameter 140 mm (14 cm)). XPA was
used to determine the phase composition — using
Miniflex 600 RIGAKU diffractometer (U=30 kV, J=
10 mA, rotation speed 1000 pulses per second, time
constant t = 5 s, angular interval 20 from 5 to 90°,
Japan) and SEM JSM-6510LV JEOL (magnification
x5 — x300,000 (equivalent to a photo plate size of
120 mm x 90 mm); acceleration voltage: 500 V — 30
kV; resolution in high vacuum mode: 3.0 nm using
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Fig. 2. Results of quantitative analysis of the composite.
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Table 1. Result of quantitative analysis of the crystal lattice

Ne Phase formula  a, A b, A c, A V,A*  Space group Z Theor. Density(g/cm®)
. MnCo,0,  8336(8) 8336(8) 8336(8) 5792(10) Fd 3m 8 5418
GACrO,  7.587(14) 7.587(14) 6.138(14) 3533(12) 141 4 5.288

a tungsten cathode (at 30 kV), 8 nm (at 3 kV), 15
nm (at 1 kV); resolution in low vacuum mode: 4.0
nm (at 30 kV) Japan). Calculation and processing of
3D reconstruction surface data were performed using
SEM (JEOL).

2.2. Synthesis — otaining a composite nanomaterial
by the sol-gel method

Two-phase  MnCo0,0,-GdCrO, nanomaterial
synthesis was carried out by the sol-gel method.
The metal oxides were doped with cobalt carbonate.
The metal oxides were split in stoichiometric ratios.
Citric acid and glycerin were used in the reaction as
the precipitating agent, which favorably affected the
formation of a homogeneous phase in the samples.
Stoichiometric amounts of oxides were ground in an
alumina crucible and mixed in an agate mortar until a
homogeneous mixture was obtained. Distilled water,
glycerin, and citric acid were added to the mixture.
The mass was heated in an electric oven to obtain a
gel. The resulting gel was treated in a muffle furnace
at a temperature of 600 °C for 25-35 minutes. After
transforming into powder, the composition was
repeatedly fired, increasing the temperature in the
range of 600-1100 °C. The firing was divided into
six stages, with a total duration of 35 hours. After
each synthesis stage, intermediate grinding and
loading into the X-ray apparatus were performed.
As a result of the work, a multifunctional two-phase
spinel-perovskite nanocomposite was synthesized.
The crystal structure of the complex oxide compound
was obtained by SEM and XPA diffraction methods.

3. Results and discussion

The analyzed structures of the obtained spinel-
perovskite nanomanganite determined its phase
composition by the XPA method. The results of the
XPA ofthe powdered polycrystalline samples showed
two composites: cobalt manganate (MnCo,0,) and
gadolinium chromite (GdCrO,), the ferromagnetic
phase of the zircon type (Fig. 1).

In the inset of Fig. 2, a quantitative analysis of the
composite is presented. The results of the quantitative
analysis (internal standard method) and calibration
data allowed determining that their percentage ratios
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Fig. 3. Scanning electron microscopy increased particle size up
to: (a) x2,000 MnCo0,0;, 383-281 nm, GdCrO, 1.63-1.34 pum; (b)
x4000 MnCo0,04 277-219 nm, GdCrO, 1.48-1.27 um; (c) x6000
MnCo,0, 239-209 nm, GdCrO,4 1.21-1.07 pm.
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Fig. 4. Elemental composition of two-phase nanomaterial MnCo,0, - GdCrO,.

are 54.9% for cobalt manganate (MnCo,0,) and
45.1% for gadolinium chromite (GdCrO,).

The result of refining the structural parameters
shows that the binary phase with cubic and tetragonal
crystal lattice structures is presented in Table 1.

The phase MnCo,0, with a formula unit number
Z=8 crystallizes in a cubic lattice with the space
group Fd 3m. The phase GdCrO,, respectively, with
7Z=4 crystallizes in a tetragonal lattice with the space
group 141 (Table 1).

Scanning electron microscopy (JSM-6510LV
JEOL) showed availability conglomerates (Fig. 3 a,
b, ¢): increased up to x 2,000 spatial resolution 10
um particle size MnCo,0, 383-281 nm, GdCrO,
1.63-1.34 um; spatial resolution increased up to
x4000 5 pum particle size MnCo,0, 277-219 nm,
GdCrO, 1.48-1.27 um; spatial resolution increased
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Fig. 5. P E M - 3D surface reconstruction.

to x6000 2 um particle size MnCo,0, 239-209 nm,
GdCrO, 1.21-1.07 pm. Such dimensions particles
emphasizes efficiency sol-gel synthesis in obtaining
homogeneous microstructures.

Measurements of the mass of elements in a
two-phase nanomaterial using scanning -electron
microscope data confirm that the initial composition
coincides with the elemental analysis data(Fig. 4).

The 3D model generated by the SEM (JEOL)
provides solutions for analytics and visualization,
constructing 3D color intensity maps, anaglyphic
images, profiles, and measurements of nanomaterial
growth (Fig. 5). Studying the microstructure on the
3D model revealed four layers of color: the highest
being red, followed by yellow, green, and blue. The
images, essentially, represent a two-dimensional
representation of the sample surface. SEM enables an
improved understanding of complex microstructures.
The metrological surface of the layers is as follows:
red + 12 um — 24 um; yellow + 10 um — 18.5 pum;
green + 6.5 pm — 24.5 pm; blue — 24 pm — 28 um.

This 3D image is intuitive understandable and
possible calculate characteristics surfaces. The most
high from the surface (red layers) +12 pm, the most
deep (blue layers) —28 um. The results of the structural
analysis expand the database of nanocomposite
materials with promising electrophysical properties.

4. Conclusion

The phase structure and morphological analysis
were carried out using SEM of'the resulting two-phase
nanomaterial. According to the results of the study,
the crystallographic results confirmed that the types
of two-phase polycrystals are cubic and tetragonal
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lattice system. With formula units of the amount of
cobalt manganate Z=8, it is determined that the shape
parameter of the cubic unit cell is a,b,c=8.336 A, and
the tetragonal gadolinium chromite compound Z=4,
the unit cell parameter is a=7.587 A, b=7.587 A,
c=6.138 A. Also, by determining the cell volumes of
MnCo0,0,=579.2 A, GdCrO,=353.3 A, the formation
of nanoscale product and its elemental composition
were proved.
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MnCo0,0,-GdCrO, moJuKpucTaAINIAPbIHBIH CHH-
Te3i JKoHe KYPbLIbIMbI

M.M. Maraes!, I'.C. Tlatpun?, A.A. Menbaemos!,
K.K. Ceiiroexona’, M.E. XKaiican6aesa'”

'Kazak ¥Yurreik Kezgap [eparorukansik Yuausepcureri, [orosst
K-ci, 114k1, Anmarsl, Kazakcran

2Ci6ip ¢enmepanmsl yuuBepcureTi, CBOOOIHBIN NaHFBUIBI, 79,
Kpacnospck, Peceit

3AGaii ateiHgarel Kasak YITTHIK [EIaroTHKAJIBIK YHHBEPCHTETI,
Jocteik manrbutbl, 13, Anmatsel, Kazakcran

AHJATIIA

Makanana TOJUKPUCTANBI HAHOKOMITO3UTTIK
MnCo,0,-GdCrO, MaTepranbIHBIH CHHTE31 MCH KYP-
JIBIMBI KapacThIPbLIaAbL. 3ePTTCY/IiH CUHTE31 PeTiH/Ie
30J1b-T€JIb 9JIiCi KOJNaHbUIbl. PeHTrenmik Qazaipik
tangay (PDA) xkeMeriMeH CHHTE3JEITCH HaHOMa-
TepHal KypaMbl aHBIKTAIIBI: HIMAHENb - KOOAIbT
MaHTaHaThl J)KOHE TIEPOBCKUT - TaJOJMHUN XPOMHMT.
Tangay HoTHXenepi OOWBIHIIA MOJUKPHCTAIIBI €Ki
(dazabl KOMIIO3UTTIH INMHHEIbII-KyOTBIK JKOHE
MEPOBCKUT-TETPATOHATIBILI THUIITI KYHE eKEHIIT1
aHBIKTANIBI. HaHOKOMMO3UTTIH MOPHOIOTHSIIBIK
Tanaaybl CKaHEPJICYII AJICKTPOHABl MUKPOCKOITHIH
(CBM) kewmerimeH xyprizurmi. COM HoTmXKeCciHIe
aJIBIHFaH MOJIIMETTep OOWBIHIIA DIEMEHTTIK KYPaMbI
pacTaiibpl )KoHe HAHOMAaTEPHAJIBIH OPTAIlla HAHOOJI-
IIeMi aJbIHIBI, KOCBUIBICTBIH MOJIIIEPi aHBIKTAJBII
oemmekTepmiy emmemi x2000 naeitin yiraliraHga
MnCo,0, 383-281 am (nm), GdCrO, 1.63-1.34 MM
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(um); OemmekTepmid emmemi x4000 yiraliranga
MnCo,0, 277-219 am (nm), GdCrO, 1.48-1.27 Mkm
(um); Oemmexrepain emmemi x6000 yiraiiranna
MnCo,0, 239-209 am (nm), GdCrO, 1.21-1.07 mMxm
(um) nefiin ocTi.

Tyiiin ce30ep: lllnuHenb, TEPOBCKHUT, CyIEp-
KOHJICHCATOP, aKKyMYJSTOpP, 3JICKTPOKATaIUu3aTop,
TOHA3BITKBINI, (PEPPOMATHUTTIK, 3EPTTCY, MArHUTO-
KJIOPHUAIBIK, 2D dekT, mapameTpiep

CuHTe3 ¥ CTPYKTYpa noaukpucraaioB MnCo,O,-
GdCrO,

M.M. Maraes!, I'.C. TTarpun?, A.A. Menbaemios!,
K. K. Ceiirbexosa’, M.E. XKaiican6aesa'”

'Kazaxckuii HAIlMOHAJIBHBIA ~ JKEHCKHM  MeJaroruyecKuit
yHHUBepcureT, yia. ['orons, 114 k1, Anmartsl, Kasaxcran
*Cubupckuii (enepaibhblii yauBepcuter, np. CBo6oaHsli, 79,
Kpacnosipck, Poccus

YKa3axCKuil HAIIMOHAIBHBIN T€JarornIecKuii YHUBEPCUTET KM.
Abas,np. [loctrik,13, Anmatsl, Kazaxcran

AHHOTALUA

B crathe paccMOTpPeHBI CHHTE€3 U CTPYKTY-
pa TOJUKPUCTALTUYECKOTO  HAHOKOMIIO3UTHOTO
MnCo,0,-GdCrO, marepuana, IOJTy4EeHHOTO METO-
JIOM 30J1b-T'€JIb. MeTO1I0M peHTreHO()a30BOro aHaju-
3a (PDA) onpenenena CTpyKTypa CHHTE3UPOBAHHOU

KOMITO3WIIMY HAaHOMAaTepHuaia: IIIMIHHeb — MaHTaHaT
KOOaJbTa U MEPOBCKUT — XPOMUT Tagonuawms. [1o pe-
3yJbTaTaM aHaJIM3a YCTAaHOBJICHO, YTO MOJIMKPHUCTA-
JUYECKUH ABYX(a3HBIH KOMIIO3UT MPEACTABIISICT
c000i CHHTOHUIO INMUHENb-KyOHIECKOTO U MEepPOB-
CKHT-TETParoHAJIBHOTO THIIOB. MOpPQOoIOTHYECKUM
aHaIN3 HAHOKOMIIO3WTA MPOBOJUICS C TOMOIIBIO
CKaHUPYIOIIETO AIEKTPOHHOTO MUKpockoma (COM).
ITo manHBIM, TOJIYIEHHBIM B pe3yibTaTe COM, mon-
TBEPKICH 3JIEMEHTHBIH COCTaB U ONMpeAeseHBI Cpel-
HUH HaHOpa3Mep HaHOMAaTepuaia, a TAKXKe CoJepkKa-
HUE COoeaMHEHUs, yBenumdeHHoro no x2000, pasmep
yactul, MnCo,0, — 383-281 um, GdCrO, — 1.63-
1.34 mxm; yBenuueHnHoro a0 x4000, pazmep dacTuil
— MnCo0,0, 277-219 um, GdCrO, — 1.48-1.27 MxmM;
yBenmueHHoro 110 Xx6000, pazmep gactur; — MnCo,O,
239-209 M, GdCrO, —1.21-1.07 mMxm.

Knwouesvle crosa: mmnuHenb, TEPOBCKUT, CyTep-
KOHJICHCATOp, OaTapes, 3JIeKTPOKaTaIn3aTop, XOJ0-
IUIBHUK, ()eppOMarHnuTHas, MCCIEJOBaHMs, MarHu-
TOKAJIOPHIECKUX, dIPPEKT, IMapamMmeTpbl



