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ABSTRACT

The article presents the results of the synthesis and study of XRD of new chromite-yttrium
manganese doped with alkaline earth metal Ca. For the first time synthesized sol-gel by double
chromite-yttrium manganese with embedded calcium has a rhombus structure, with the number of
formula units Z=4, the elementary cell of crystals has the following lattice parameters: a=5.42 A; b=7.51
A; C=5.26 A. The correctness of the results of X-ray studies confirm a satisfactory correspondance
between the values of pycnometric and X-ray densities, as well as the coincidence of theoretical and
experimental values of the inverse values of interplanar distances (10%d?). The Miller indices (hkl)
refer to a face-centered rhombic singony. The crystal morphology of the synthesized powders was
studied using a scanning electron microscope (SEM), which shows the dense structure of crystallites
from 5 to 100 microns. Semi-quantitative elemental analysis confirms the embeddedness of calcium
and chromium ions in the structure of the complex yttrium manganite as well as the monodispersed
of the sample. The results of elemental analysis of complex chromite-manganite yttrium with the
addition of calcium ions on the electron scanning microscope shows that the atomic percentage
of the elements in the composition of the chromite-manganite yttrium, almost the same formula
chromite-manganite composition-Y, .Ca, .Cr, Mn  O,.

Keywords: Sol-gel processes, X-ray diffraction, Chromium doped manganite (YMnO,),
Electron microscopy.

INTRODUCTION

Multiferroic materials that demonstrate a
changed electric polarization by a magnetic field or
a changed magnetization by an electric field have
recently initiated enormous interest for their potential

applications in the next-generation novel multifunction
devices such as spintronics, data storage, sensors
and so on''2. The hexagonal manganites, with RMnQO,
chemical formula, are good examples of multiferroic
materials. Among these hexagonal manganites,
YMnO, (YMO) has attracted more attention owing
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to its high ferroelectric transition temperature
(TC~950 K) and anti-ferromagnetic transition
temperature (TN~75 K)'3'4, The crystal structure of
YMO is formed by MnQO, trigonal bipyramids in which
three in-plane and two apical oxygen ions surround
individual manganese ion. In this structure, the
ferroelectricity is related to the small tilting of MnO,
and trigonal bipyramids buckling of Y layers. The
origin of magnetism on the other hand is attributed
to Mn3* spins which align anti-ferromagnetically
in the ab plane of YMO structure below 75 K.
YMO is considered as a good candidate for high
temperature sensing and actuation applications
due to i) its high Curie temperature, ~ 950 K and ii)
being lead-free component. Most of the multiferroics
have transition ions such as Mn3*, Fe®*, which have
partially filled d-orbitals at their B-side atom'®'”.
Thermal conductivity of these materials is related to
the variation of the oxidation state of transition ions.
Therefore, most of the multiferroics demonstrate
low polarization, poor dielectric features and high
leakage current'®. To minimize or eliminate such
losses it is needed to understand the essence
of electrical transport mechanism in multiferroic
materials. Even though many works have been
conducted to shed light on multiferroics properties
of YMO, there have been fewer reports regarding
the electrical conductivity and dielectric properties
of YMO at wide range temperature and frequency
regions'®22, Various research groups have tried to
modify the electrical and magnetic properties of this
material via doping various elements on Y and/or
Mn atoms?*2°. In those investigations the scientists
employed different substitution elements such as
Er, In, Ga, Co, Fe, Ru, Ni, Cu, Ti, Mo to observe
the influence of those elements on magnetic and
electrical features of YMO.

MATERIALS AND METHODS

Yttrium nanostructured chromite-
manganites doped with alkaline earth metals (Ca)
were synthesized by sol-gel method. The influence
of synthesis methods on the structure of synthesized
chromite-manganites is studied. The XRD method
was used to evaluate the characteristics of powder
particles and the results showed that complex
chromite-manganites have orthorhombic structure.
Studies described in®' have shown that the formation
of the crystal structure is a multistage process; the
crystalline product is obtained at a temperature of
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1100°C. such particles are large and form large
agglomerates. Therefore it makes sense to look
for alternative methods for the synthesis of weakly
agglomerated Y .Ca, Cr, Mn, O, nanoparticles
using organic compounds. Methods such as citrate-
nitrate synthesis and sol-gel can be distinguished®.
In these cases the formation of nanoparticles will
occur either in the decomposition of previously
formed organic complexes or in an isolated volume
(trace elements) the parameters of which can be
controlled by selecting different organic compounds.
Therefore the aim of this study was the synthesis
of nanoparticles of chromite-manganites doped
with alkaline earth metals using the Sol-gel method
and refinement of the composition of the obtained
nanoparticles by X-ray. In this paper, we used the
sol-gel method using glycerin as a precipitator.

Nanoparticles of manganite chromite-
manganites doped with alkaline earth metals were
synthesized by sol-gel method, where two different
surfactants were used. The application of this method
made it possible to obtain single-phase crystalline
nanoparticles of chromite-manganites.

Synthesis of chromium doped manganite
A solid mixture Y, Ca,  Cr,  Mn O,
synthesized for the first time.

The parameters of the single cell and X-ray
and incometence density. To obtain the mangant
formulaY, .Ca, Cr, .Mn, O, mixtures of Y,O,, CaCO,,
Cr,0,, Mn,O, were stoichiometrically calculated and
carried out by the sol-gel method. Stoichiometric
amounts of oxides were mixed and triturated in an
agate mortar to obtain a homogeneous mixture. Then
the mixtures were subjected to repeat annealingin a
furnace in the temperature range of 600-1100°C with
increase temperature in every 100°C. Annealing was
made in 6 stages: | stage —600°C, |l - stage — 700°C,
Il - stage 800°C, IV - stage 900°C, V — stage 1000°C,
VI - stage 1100°C with a total duration of 39 hours.
Intermediate grinding was made after each synthesis
stage. Upon completion of the synthesis, the furnace
was turned off and cooling of the obtained compound
was in the cooling mode of the muffle furnace. The
composition of the final products was controlled by
the method of X-ray.

The formation of new phases was controlled
by X-ray phase analysis, which was carried out on
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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.

Microstructure of bulk samples was studied
by scanning electron microscopy (SEM) JOEL JED-
2300 with approaching up to x 2000 and the ability
to conduct elemental analysis.

RESULTS AND DISCUSSION

Radiographs of the synthesized complex
mixed chromite-manganite composition Y.
Ca, Cr, ,Mn, O, are presented in Fig. 1. In addition,
the structural parameters such as lattice parameters

(a, b and c), lattice volume, density are determined
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1. Y0568, :Cr, Mn; O,-0=5.429, 8=7.507,
€=5.268, A, Vg = 214.74 A3, Z=4, pperit=6.029T/
M3, prye-= 6.021T/cm®,

The correctness of the indexing results
is confirmed by a satisfactory coincidence of the
experimental and calculated values of the inverse
squares of the interplanar distances (10%/d?) as
well as the degree of coincidence of the X-ray and
pycnometric densities of the studied compounds.

SEM images of Y .Ca,  Cr  Mn O,
powders are illustrated in Fig. 2. On the surface it
can be seeing that the resulting coating has a dense
structure consisting of from 5 to 100pum crystals.

Table 1: Indexing of radiographs of synthesized
phases

) i No [°2Th.]  d[A] Int.[%] 10%d?exp. hkl 10%d? theor.
from the XRF data by mathematical calculations the
results are presented in Table 2. Y,5Ca,:Cr, Mn, O,
Meas data:Kan 1100 gr Cal2 sag ——| 1 20.52 4.324 0.5 534.84 (0,1,1) 533.75
2 2347 3787 122 69728 (1,0,1) 696.21
1000 3 2629 3387 117 871.70 (1,1,1) 870.50
4 3285 2724 222 1347.68 (2,0,0) 1346.55
5 33.44 2677 100.0 1395.41 (1,2,1) 1394.31
500, 6 34.01 2634 245 1441.34 (0,0,2) 1440.26
7 3497 2563 6.1 152230 (2,1,0) 1521.70
8 3712 2420 07 1707.53 (2,0,1) 1706.83
ol TR 9 3791 2371 1.6 1778.84 (1,0,2) 1777.94
p P A P 10  39.05 2.305 1.8 1882.16 (2,1,1) 1881.35
2dhta (dg) 11 3957 2276 31 193043 (0,3,1) 1929.76
12 39.80 2263 0.1  1952.67 (1,1,2) 1951.47
Fig. 1. XRD-patterns of chromium and calcium doped YMnO, 13 40.77 2211 6.8 2045.60 (2,2,0) 2044.89
The data of the X-ray diffraction of the 14 41.74 2162 8.4 2139.38 (0,2,2) 2138.65
nthesized chromite-manaanit re presented in 15 43.04 2100 52  2267.57 (1,3,1) 2266.23
synthesized chromite-manganites are presented | 16 4440 2039 04 240527 (221) 2404.48
Table 1. 17 4508 2.010 0.1 247518 (1,2,2) 2474.32
18  48.00 1.894 345 2787.66 (2,0,2) 2786.93
According to X-ray diffraction data, the 19 4917 1.851 4.4  2918.68 (2,3,0) 2917.26
) ) ’ ) 20 4958 1.837 6.9  2963.34 (2,1,2) 2962.34
obtained chromite-manganites are orthorhombic 21 5234 1747 04 327653 (2,3,1) 3275.29
with the spatial Pbam group (Table 2). 22 5294 1728 041 334897 (1,3,2) 3347.26
23 5331 1717 0.1  3392.02 (3,0,1) 3391.83
Datai . fradi hs of hesi 24 5353 1711 1.1 341585 (0,1,3) 3414.09
ata indexing of radiographs of synthesized 25 5413 1693 1.9  3488.88 (2,2,2) 3487.15
chromite-manganites show that they have tetragonal 26 5478 1675 107 3564.26 (3,1,1) 3563.90
structure with the following unit cell parameters: 27 56338 1632 17 3975456 (1.1,3) 375817
Table 2: Type of crystal system and unit cell parameters chromite-manganites of
compositionY Ca Cr, Mn O,
No Formula Type of a, A b, A c, A Vun.c., z PX-ray Ppyc
symmetry As
1 YOVSCaOVSCrOVSMnOVSO3 orthorhombic 5.42 7.51 5.26 214.74 4 6.03 6.02
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Figure 3 shows the semi-quantitative
elemental analysis method Y  Ca, Cr, ,Mn, O,. The
semi-quantitative elemental analysis revealed the
presence of calcium and chromium in the YMnO,
structure. The elemental analysis performed on
an electron-scanning microscope (insert in Fig. 3)
showed that the atomic fractions of the elements
practically coincide which corresponds to the formula
of chromium and calcium doped yttrium manganite—

Y568, sCry Mn [O,. As can be seen from Fig. 3 the

058"

powders obtained by this technology are practically
monodisperse which is a great advantage of the
method.

Fig. 2. SEM micrographs of Y Ca, Cr, Mn, O, a) an

increase of 200, b) an increase of 500 b) an increase of
1000, b) an increase of 2 000

CONCLUSION

In this paper for the first time the problems of
synthesis, X-ray analysis and crystal morphology of
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Element (keV) Mass® Errors  Actoms
0K 0.525 31.20  0.18  60.93
ca k* 3.6%0 19.66  0.07 15.28
cr k¥ 5.411  9.98  0.15  5.98
800 Mn K* 5.89¢ 19.02  0.18 10.78
Y1 1.922  20.06  0.17  7.03
Total 100.00 100.00
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Fig. 3. Semi-quantitative elemental analysis of
YO,ScaO,ScrO.SmnO,SOS

synthesized powders are considered. Radiographic
method determined the type of symmetry and the
parameters of the elementary cells. It was found that
chromite-manganites obtained by sol-gel crystallize
in the orthorhombic structure and correspond to
the formula Y, Ca, Cr, ,Mn,.O,. According to the
results of scanning electron microscope synthesized
chromite-manganite consists of crystals from 5 to

100 microns.
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