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INVESTIGATION OF THE SURFACE MORPHOLOGY
OF POLYANALINE THIN FILMS

Abstract.The surface and optical properties of polyaniline thin films on a conducting FTO/glasssubstrate are
determined. The thin films were prepared by anodic oxidative polymerization of aniline in the galvanostatic regime
from hydrochloric acid solutions containing aniline and poly-2-acrylamido-2-methyl-1-propanesulfonic acid. The
thickness of the thin films was 20 and 60 nm. Thin films were characterized by the methods of XRD, SEM, ACM.
An insignificant change in the structure of the glass substrate during the application of the polyanalinehas been
established. Thin films consist of particles with different diameters are distinguished, the maximum of which is 250
nm. The some of the particles has a diameter of 50-70 nm. Thin films with 60 nm thickness have a dense and
uniform surface. Its roughness and position of individual grains, as well as the surface profile, are determined by
atomic force microscopy. Optical properties of coatings are determined by UV spectroscopy. On the basis of the
studies performed, it was concluded that the absorbing capacity of glass coated with polyaniline increases more in
the red wavelength region. Surface roughness increases with increasing thin films thickness. However, as follows
from the SEM micrographs, the density and uniformity of the thin films increase when the thickness of the
electrodeposited layer is 60 nm. The width of the band gap of the polyaniline/FTO/glass system is 3.85 eV.

Key words: Polyaniline, electrodeposition, thin film, surface morphology, transmission spectrum.

Introduction

Polyaniline (PANI) is one of the representatives of the class of electrically conductive polymers. The
study of polyaniline, as well as other polymer compounds, such as polythiophene, polyacetylene,
polyparaphenylenevinilene, polypyrrole, showed that they possess semiconductor properties [1-3]. PANI
has good electronic conductivity, thermal and ecological stability, low cost [4]. The structural formula of
polyaniline is shown in Fig. 1. PANI can be synthesized both by chemical and electrochemical methods
[4,5]. Due to its physical and chemical properties, PANI is an attractive conductive polymer and is used in
a wide range of applications, such as batteries [5], diodes and photovoltaic cells [6].

N
H

n

Figure 1 - The structural formula of polyaniline

Polyaniline was one of the earliest polymers used as a hole buffer layer in a photovoltaic device of
organic/silicon [7,8].

Buffer layers are considered essential elements of organic photovoltaic devices with a bulk
heterojunction. These additional layers, called buffer layers or interphase layers or interlayers, in solar
cells can perform the function of collecting and extracting charges. For this purpose, the structure of the

— § —
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organic solar cell can include both an anode buffer layer for collecting holes and a cathode buffer layer for
collecting electrons. In this context, PANI is a very good hole collector and has good conductivity, which
makes it an interesting material for research in the field of photovoltaics [9].

In this paper, we propose a method for the electrochemical polymerization of aniline in order to
obtain film coatings of PANI that can serve as a buffer layer for transporting holes in solar cells

Experimental part

Polyaniline (PANI) films were obtained by anodic oxidative polymerization of aniline in the
galvanostatic regime (0.05 mA/cm?2). Precipitation was carried out on purified glass electrodes coated
with a transparent conductive SnO2:F (FTO/glass) layer with a surface resistance of 7 ohms/cm® and a
working surface area of 3 cm’. The counter electrode was platinum foil, and the reference electrode was a
saturated silver chloride electrode (SCE). In the case of electropolymerization, the concentration of aniline
was 0.05 M, HCI 0.5 M and poly-2-acrylamido-2-methyl-1-propanesulfonic acid (PAMPSK) 0.001 M.

Electrochemical polymerization of aniline was carried out in a special three-electrode cell using a
potentiostat/galvanostat HA-501G (Hokuto Denko Ltd.). Electrodeposition of PANI on FTO/glass
substrates was conducted until a charge of 15 mC/cm® was reached, where the layer thickness was about
60 nm and until a charge of 7mC/cm” was reached, where the layer thickness was about 20 nm. At the end
of the electropolymerization, the obtained samples were washed with distilled water and dried in air.

XRD spectra were obtained using an X-ray diffractometer SmartLab (Rigaku) at a constant voltage of
9 kW using a rotating Cu anode for investigating the structure obtained PANI thin films.

Surface and cross-sectional micrographs were obtained using a Helios NanoLab 650 (FEI) scanning
electron microscope withSchottkytype field emission electron source,focusedgallium ion source (FIB). To
obtain a cross-sectional image, a platinum (Pt) layer is first applied to the selected area and then a section
is performed next to the platinum. The length, width and height of the platinum layer can be up to 20x2x1
um, respectively. And the depth of section can reach 4 pm.

The morphology of the surface of PANI thin films was examined using an atomic force microscope
JSPM 5200 (JEOL Ltd.). Scanning to AFM was carried out at atmospheric pressure and room temperature
in a semi-contact method using an NSC 35 AIBS cantilever with a radius of curvature of 10 nm.

The optical properties of the obtained samples were studied with the SF-256 UVI spectrometer, with
the possibility of recording the transmission coefficient in the wavelength range from 190 nm to 1100 nm.

Results and discussion

The PANI polymer has an amorphous structure. To determine the possible change in the structure of
the coating on the FTO/glass substrate, the X-ray diffraction patterns of the conducting substrate -with and
-without PANI were compared (Fig. 2). Figure 1 shows the X-ray diffraction pattern of a sample with a
PANI thin film, which shows that new noticeable reflexes appear in the angular region 26 = 24 + 26°,
which are in good agreement with the data obtained in [10, 11].
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Figure 3 shows SEM images of the surface of the obtained films and shows that the film is formed by
particles of various shapes and sizes. In the thin layer of the PANI (Fig. 3a) are well expressed the verges
of the formed particles and their homogeneity in shape. Some reach a diameter of 200-250 nm, but the
main array of particle’s diameter is 50-70 nm. Increasing the thickness of the layer to 60 nm leads to
uniform coating of the glass (Fig. 3b) without the formation of separate conglomerates, dendrites or
globules.

Cross-sectional microphotographs show that the thickness of the PANI films varies from 16 nm to 38
nm (Fig. 3a) and from 42 nm to 77 nm (Fig. 3b).

a) the thickness of the layer is 20 nm

Figure3—SEM images of PANI thin films surface and cross-section

Figure 4a,b show surface micrographs obtained by atomic-force microscopy in various scan size. As
shown in Figure 4a, PANI film with a thickness of 20 nm is formed from small and large particles of
various shapes. The surface morphology of the film has a granular structure. There is heterogeneity in
some areas, like pores between individual particles.

— § —
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a) the thickness of the layer is 20 nm 0) the thickness of the layer is 60 nm
Figure4— AFM images of PANI thin films at various scan size: 25x25 um, 1,5x1,5 pm, 0,5x0,5 pm

This fact indicates that the roughness of the FTO/glass substrate affects to the microrelief of the
polymer film, if the thickness of the latest is 20 nm.

The analysis of AFM images of PANI films with a thickness of 60 nm showed that the polymer layer
has a granular structure with uniform surface coverage. The film is formed from more homogeneous
particles, which’s average length is 50-150 nm.

AFM images show, that there are the differences between films of different thickness (Fig.4a,b). The
surface of the PANI film 60 nm thick has a more uniform and fine-grained structure than a film with a
thickness of 20 nm.

Roughness parameters of electrodeposited PANI films with 60 nm thickness are shown in Figure 5 as
an image surface and information about the parameters of the particles on a selected area.

— Q —
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Figure 5 —AFM image and graph of PANI’s particles size distribution for the selected surface area (500x500 nm)

Figure 6 shows the histograms of the particle distribution on the selected area 500x500 nm and the
isolated square 250x250 nm.
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Figure 6 ~AFM image of PANI thin film and histograms of the particle distribution
on the selected area (500x500 nm) and the isolated square (250x250 nm)
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The roughness parameters of the surface of PANI film at the selected area (500x500 nm) are shown in
Table 1.

Table 1 — Parameters of the surface structure of PANI thin films on FTO/glass substrate

R, ,nmaverage Ryjis nmaverage R, , nmsquare root R, ,nm
4 h roughness of 10 f" i h the difference between the maximum and
roughness points ol square roughness minimum height of the analyzed image
10,6 24,6 12,1 45,3 Fig.5
8,06 61,6 10,2 67,2 Fig.6

The obtained results attest to the high quality of PANI films obtained by electrodeposition on a
conducting glass.

An important optical parameter for the characteristics of a semiconductor compound is the size of the
band gap. This value for electrodeposited PANI films was determined on the basis of the transmission
spectra obtained with the spectrometer CF-256-UVI.

Figure 7 shows the transmission spectra for the FTO/glass substrate and the PANI coated substrates.
As shown in Fig. 7, the edge of the absorption band corresponds to a wavelength of 460 nm. In the visible
region of 400-700 nm, the transmittance is maximal, and when shifted to the red and infrared regions,
PANI coated glass absorbs more radiation and the transmittance decreases to almost 50%.

T.%

0 500 100Qeiengh®qPn 2000 2500

Figure 7 — Transmission specters of FTO/glass (1) and PANI/FTO/glass (2)
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Figure 8 — Graph of the transmission coefficient versus wave energy

The dependence of the transmittance on the energy of the wave is shown in Fig. 8. According to this
dependence, the width of the band gap for glass with and without coating is determined by the value on
the abscissa axis cut off by the tangent and is 3.85 eV. Thedifferenceforboth samples is insignificant.
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Conclusion

Based on the investigations it was concluded that the absorption capacity of PANI coated glass
increases more in the red region of wavelengths. Surface roughness increases with increasing coating
thickness. However, as shown in SEM micrographs, the density and uniformity of the coating increase
when the thickness of the electrodeposited layer is 60 nm.
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K.A. Ypazos, M.B. JlepraueBa, B.®. I'pemenok
MOJIMNAHAJUH KABBIKIHAJIAPBIHBIH BETKI MOP®OJIOT'USICBIH 3EPTTEY

AnHoTamus. JXyMBICTa 3IEKTPOXMMHUSUIBIK KOJIMEH KanblHAbFbl 20 xoHe 60 M OomateiH [TAHU xyka KaOBIKTapbl
otkisrin FTO/mbIHEl ToceHimTepinne anbiHFaHbl KepceTingi.AnbiHran [TAHMkaObIKIanapelHbIH KYPBUIBIMBI MEHOETKI
Mopdororusicel POA, COM, ACM onictepinin kemeriMeH 3eprrengi. LIIsIHBI TeceHIITEpAl MOIMAaHWINHMEH KallTaraH KesJe,
ONapIblH KYPBUIBIMBI KillIKeHE e3repeTiHi aHbIKTangbl. JKyka KaObIKuiagapIblH OeJIeKTepi opTypiii eieMIOi eKeHi oHe
onapabiH e yikeHi 250 HM OonathiHbl aHbIKTANAbL. KambiHasirel 60 HM KaObIKIIamapabplH OeTi ThIFbI3 GipTeKTi 00BN Kenemi.
OHbIH Kenip-OyAbIpsl )KoHE KeiOip OelIeKTepaiH OpHBI, COHBIMEH KaTap OeTki mpodwiti aTOMABI KYII MHKPOCKOIHS dHiciMeH
aHbIKTaNAbl. OnTuKaNeIK KacuerTepi Y D-CmeKTpocKomusi oficiMeH aHbIKTangsl. OpbIHOaNFaH 3epTTeyJIepHiH HeTi3iHIe
MNOJNMAHWINHMEH KaNTaJFaH INBIHBIHBIH CiHIpY KaOUIeTi TOJKBIH Y3BIHIBIFBIHBIH KBI3BUI aiiMarblHIa >KOFapIaWTBIHBI Typajbl
KOPHITEIHABI skacannbl. datsiganran [TAHU/FTO/msIns! xKyHeciHiH pyKcaT eTiIMereH ayMarbIHbIH eueMi 3,85 5B GonaTsiHb
QHBIKTAJIBL.

Tyiiin ce3nep: [TonmaHuinH, SIEKTPOTYHABIPY, )KYKa KaOBIK, 6eTKi MOP(OIIOTHus, OTKI3TIIITIK CIIEKTPI.

K.A. Ypazos, M.b. [lepraueBa, B.®. I'pemenox
HUCCIEAOBAHUE MOP®OJIOI'MU NOBEPXHOCTH IVIEHOK ITOJIMAHAJIUHA

AnHoTanmsa. B paboTe mokazaH 3IEKTPOXMMHYECKHN cIoco0 MOMydeHnsi TOHKHX IUieHoknonuanmwmmHa([IAHU) ¢
tomumHoH 20 m 60 M Ha FTO/ctexno momnoxkkax. CTpykTypa M MOPQOJIOTHs IOBEPXHOCTH NMOITyYeHHBIX IuieHok [TAHU
uccienoBand ¢ nomompo MeronoB POA, COM, ACM. YcTaHOBICHO HE3HAYMTENBHOE HU3MEHEHUE CTPYKTYPbl CTEKILIHHOM
HNOMJIOKKM TP HAHECCHWM IMOJHAHAIMHA. Ha TOHKHMX IOKPBITHSX BBIZEIEHBI YacTHLBI C Pa3IMYHBIMH JHaMeTpaMHy,
MaKCHMAIBbHBIA M3 KOTOPBIX cocTaByiseT 250 HM. [TokpbiThs TommuHON 60 HM TPEACTABISAIOT COOOM MIOTHYIO OJHOPOJHYIO
HOBEPXHOCTb. Ee 1IepoXoBaTOCTh M IOJOXKEHHE OTACIbHBIX 3€PEH, a TaKkKe NPO(QUIb MOBEPXHOCTH ONpPEAeNCHbl METOJOM
aTOMHOH cHiI0BOI MuKpockonuu. ONTHYECKHEe CBOICTBA MOKPBITHH onpeneneHsl MeronoM Y ®d-cnektpockonuu. Ha ocHoBanuu
BBIMIOJTHEHHBIX HCCIEIOBAHUH CIENaH BBIBOA, YTO IIOTJIONIAIOMAS CIIOCOOHOCTh CTEKJIA, ITOKPBHITOTO ITOIHAHUINHOM
YBEIMYMBAETCs OOJbIIe B KpacHOH obnactu [umH BoiH. LlupuHa 3anpemennoii 30861 cuctemsl [IAHWU/FTO/cTexio cocrasisier
3,859B.

Kniouesble cioBa:[lonmannmg, 371€KTPOOCAKACHHAE, TOHKAS IVIEHKA, MOP(OJIOTHS IIOBEPXHOCTH, CHEKTP IIPOITY CKAHHSI.
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DRY REFORMING AND OXIDATIVE CONVERSION OF METHANE
TO SYNTHESIS GAS IN THE PRESENCE OF Ni-Co-Mg-Ce CATALYSTS

Abstract. Catalytic carbon dioxide conversion of methane is the preferred method for producing synthesis gas
in connection with the implementation of the process under milder conditions and solving environmental problems
associated with a decrease in the rate of global warming. The activity of catalysts based on Ni-Co-Mg-Ce, obtained
during combustion in solution, was studied in the processes of carbon dioxide conversion and oxidative conversion
of methane. Comparative results indicate that the preparation of the catalyst by the impregnation method is inferior to
the SHS method, in which higher values of the feed conversion and H, yield are obtained.

Key words: dry reforming, self-propagating high-temperature synthesis, methane, synthesis gas.

Introduction

Over the past two decades, the catalytic carbon dioxide conversion of methane to synthesis gas has
attracted increasing attention as an alternative way for obtaining of synthesis gas (CO + H;) by reaction
CH,4 + CO,; — 2CO + 2H, [1-9]. This process is an attractive industrial process because of the low ratio of
H,/CO products and is therefore preferable for the Fischer-Tropsch process. According to the analysis of
the energy prospects of the International Energy Agency (IEA) in 2013, "natural gas will certainly play a
central role in meeting global energy needs, at least in the next two and a half decades." This means that
technologies based on methane will have priority in the future.

Since 1950, methane production has doubled and could double by 2050. Annually 350-500 million
tons of methane is added to the air (livestock, coal mining, oil and natural gas production, rice cultivation,
garbage in landfills). Global annual emissions of anthropogenic greenhouse gases (by CO,) are estimated
at around 75%, and methane - around 14%. Reducing emissions of CH; and CO, can reduce global
warming, reducing the risk of climate change. One way of doing this is catalytic reforming of methane
with carbon dioxide to produce synthesis gas.

Many researchers have found that catalysts based on Fe, Co and Ni have a high activity, but one of
the main problems arising during the application of this process is deactivation of catalyst mainly due to
the deposition of carbon. Over the past decades, nickel catalysts have been extensively studied [10-12], a
few studies have been done on cobalt catalysts, Ni-Co catalysts [13,14], and Ni-Ce-based catalysts [15-
20]. It is known that the catalysts detected during these works show high activity and excellent anti-soot-
forming properties.

At present, new composite catalysts are prepared not only by traditional methods of impregnation, but
also by modern methods of self-propagating high-temperature synthesis (SHS) and combustion in solution
[21-25]. Such conditions for the preparation of samples often lead to the synthesis of very active and
selective catalysts. In this paper, a comparative study of the catalysts prepared by the above indicated
methods in the processes of carbon dioxide conversion and oxidative conversion of methane is presented.
13
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Experimental

Catalyst preparation

The SHS catalysts on the base of Ni-Co-Mg-Ce were prepared from powder mixtures. The specimens
were preheated in an electric furnace at 700 — 900°C for several minutes. The second series of catalysts
was prepared by the traditional method: samples were prepared by the incipient wetness impregnation of
dispersed Al,O; (granule size 100 — 200 pm, S — 57.7 m?/g) by water solutions of metal nitrates with
subsequent heating on air at 250°C within 5 h and 600°C within 2 h.

Characterization techniques

The analysis of the initial mixture and reaction products was carried out using a chromatograph
"Chromos GC-1000" with the "Chromos" software and on a chromatograph "Agilent Technologies
6890N" (USA) with computer software. Chromatograph "Chromos GC-1000" is equipped with packed
and capillary columns. The packed column is used for the analysis of H,, O,, N,, CHy4, C;H,, C,H,4, C5-Cy
hydrocarbons, CO and CO,. A capillary column is used to analyze of liquid organic substances, such as
alcohols, acids, aldehydes, ketones and aromatic hydrocarbons. The temperature of the detector by thermal
conductivity — 200°C, evaporator temperature — 280°C, column temperature — 40°C. Carrier gas velocity
Ar = 10 ml/min. The chromatographic peaks were calculated from the calibration curves plotted for the
respective products using the "Chromos" software for pure substances. Based on the measured areas of the
peaks corresponding to the amount of the introduced substance, a calibration curve V = f (S) was
constructed, where V - amount of substance in ml, S - peak area in cm®. Concentrations of the obtained
products were determined on the basis of the obtained calibration curves. The balance of regulatory
substances and products was + 3.0%.

Catalytic reaction

Experiments on the oxidative conversion were carried out on flow type installation at atmospheric
pressure in a tubular quartz reactor with a fixed catalyst bed. The catalyst was placed in the central part of
reactor and quartz wool placed above and below the catalyst bed. The free space of the reactor below the
catalyst bed was filled with quartz wool to reduce the free volume and gas phase zone of catalyst bed as
well as to minimize the further reaction of the desired product in post-catalytic volume. Gas mixture
containing methane and carbon dioxide (or oxygen) diluted with an inert gas (Ar) in the presence or
absence of water vapor was used for oxidation.

Results and discussion

Dry conversion of methane was studied on the following catalyst 23% Ni + 13% Co + 9% Mg + 5%
Ce/36.15% Al + 1.85% Mg, obtained by the SHS method at GHSV = 860 h" and a ratio components of
the reaction mixture CH, : CO, : Ar=33.3 : 33.3 : 33.3 as well as at GHSV = 2500 h™' at a mixing ratio of
CHy : CO, : Ar=46.7 : 23.3 : 30.0. The studies were carried out both in the absence and in the presence of
water vapor in the reaction mixture. The results are shown in Figure 1.

100 - T

[ B

801 1

60 .
2 2
2 23
40 1 1 N -
20 1
0 o .'z
YCo

ccu4 Cco2 Y2

Conversion and yield, %

1 —2500 h™ in the absence of water vapor, 2 — 860 a” in the presence of water vapor, 3 — 860 h™' in the presence of water vapor.
Figure 1 - Influence of space velocity and the addition of water vapor on feed conversion and yield of reaction products
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It can be seen from the figure the space velocity decreases from 2500 h' to 860 h™', the conversion of
CH,, yields of H, and CO increase, and the addition of water vapor further increases the conversion of raw
materials and the yield of H,.

Similar experiments were carried out on the same catalyst composition, however, prepared by
impregnation at space velocities of 860 and 2500 h' at 850 and 900°C in the presence and absence of
water vapor. It can be seen from Figure 2 that, in the same way as in the case of SHS catalysts, the
addition of water vapor favored the selective yield of H, and CO, with higher yields obtained at a space
velocity of 860 h™.

The comparative results shown in Figure 3 indicate that the preparation of the catalyst by the
impregnation method is inferior to the SHS method, in which higher values of the feed conversion and H,
yield are obtained.
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Figure 2 - Dependence of the conversion of raw materials and the yield of reaction products
on the conditions of carrying out the process of carbon dioxide conversion on a catalyst prepared by impregnation
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Figure 3 — Effect of the method of preparation of the catalyst on the parameters of the process of carbon dioxide conversion

Investigation of the activity of catalysts based on the initial mixture of 43% Ni(NO;), + 4% Co(NO;),
+ 2% Mg(NOs), + 1% Ce(NOs), + 50% glycine + 36.15% AI(NOs); + 11.85% Mg(NO;), obtained in
solution combustion synthesis (SCS) was conducted in the oxidative conversion of methane. A mixture of
34% CHy, 17% O, and 50% (Ar = H,0), CH4: O, = 2 : 1 was used to study the oxidation of methane to
synthesis gas in the temperature range 700 - 900°C. The results on the yield of hydrogen and CO, as well
as the selectivity for the target products for these catalysts as a function of temperatures (700 + 900°C) are
shown in Figures 4a and 4b.
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Figure 4 - Effect of varying the process temperature on the yield and selectivity for H, and CO
on the catalyst 43% Ni(NOs), + 4% Co(NO;), + 2% Mg(NOs), ++50% glycine + 36.15% AI(NOs); + 13.85% Mg(NO3),

As a result of the temperature variation, it was found that carrying out the process at 900°C makes it
possible to achieve the highest values of both yield and selectivity for H, and CO, but the ratio H,/CO
decreases from 6.1 (T = 700°C) to 3.9 (T = 900°C) at GHSV = 2500 h™'.

On this catalyst, the yields of hydrogen and CO, their selectivity as well as the Hy/CO ratio, which
plays an important role in further syntheses of alcohols and hydrocarbons, were determined when the
temperature and space velocities varied from 1000 to 8500 h™. It was shown it is possible to obtain the
highest yield and selectivity parameters for the target products at space velocities from 1000 to 2500 h™.
For example, up to 55.8 - 56.9% H,, 14.6% CO with a selectivity up to 93.6% by hydrogen and 48% by
CO, a ratio of H,/CO = 3.8 - 3.9 were obtained at GHSV = 2500 h'!. Similar results were obtained at a
space velocity of 1000 h™'. A further increase in the space velocity leads to a decrease in the process
indices, Figures 5a and 5b.

On these catalyst compositions, the addition of water vapor to the initial reaction mixture and
variation of CHy : H,O ratio (1:0,1:1,1:0,5,1:0,3,1:0,25) were investigated. It has been established
that the addition of water vapor to the CH, : H,O =1 : 0.5 ratio slightly increases the yield of synthesis
gas, while increasing the yield of H, from 55.8 - 56.9 to 63.0 - 64.0%, and CO - from 14.0 to 15.6 -
15.8%, Figure 6. Further increase in the vapor content to the ratio CHs : H;O =1 : 1 leads to a decrease in
yield and selectivity. The ratio of H,/CO remains practically unchanged in the range 3.9 - 4.0.
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Figure 5 - Influence of the variation of the process space velocity on the yield and selectivity for H, and CO on the catalyst 43%
Ni(NOs); + 4% Co(NOs), + 2% Mg(NOs), + 50% glycine + 36.15% AI(NO;); + 13.85% Mg(NOs),
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Figure 6 - Effect of water vapor content in the reaction mixture on the yield and selectivity of the process for H, and CO

Reducing the dilution of the reaction mixture (as a result of decreasing the Ar content) increases the
yields for H, (from 55.8 to 69.7%) and CO (from 14.0% to 21.0%), but decreases the selectivity for
products (H; - up to 53.7%, CO - 32.5%) while maintaining the ratio H, : CO = 3.3.

Conclusion

23% Ni+ 13% Co + 9% Mg + 5% Ce/36.15% Al + 1.85% Mg catalysts prepared by self-propagating
high-temperature synthesis and impregnation method were investigated in dry conversion and oxidation of
methane at different space velocities, temperatures and compositions of reaction mixture. It was found that
the preparation of the catalyst by impregnation method is inferior to the SHS method, in which higher
values of the feed conversion and H, yield are obtained. As a result of the temperature variation, it was
found that carrying out the process at 900°C makes it possible to achieve the highest values of both yield
and selectivity for H, and CO, but Hy/CO ratio decreases from 6.1 (T = 700°C) to 3.9 (T = 900°C) at
GHSV = 2500 h". It has been established that the addition of water vapor to the CH, : H,O =1 : 0.5 ratio
slightly increases the yield of synthesis gas, while increasing the yield of H, from 55.8 - 56.9 to 63.0 -
64.0%, and CO - from 14.0 to 15.6 - 15.8%.
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STRUCTURE AND ELECTROCHEMICAL REACTIVITY
OF Si-ORGANIC COMPOUNDS MONOLAYERS ADSORBED
ON SILVER SURFACE

Abstract. In this paper, the results of the research onthe structure and electrochemical reactivity of silicon-
organic compounds monolayers adsorbed on the silver surfaceare given. The compact siloxane films, bringing about
inhibiting effect on the electroreduction of propylene carbonate as well as Li deposition on the Ag electrode, have
been obtained with 3-[Tris(2-methoxyethoxy)silyl]-propanethiol (SiCC). We also obtained 4,7-diazaheptyl-
trimethoxy-silane (SiNN) and vinyl-trialkoxy-silane (SiDD), which could be also interesting in view of corrosion
prevention. The results of a study on the behaviour of these compounds on the silver surface are presented. The
structures of SiCC, SiNN and SiDD and these complexes with cations on the Ag surface were calculated and
visualized by the AM1d semi-empirical method. The structures of the SICC, SINN and SIDD molecules and their
complexes in solution and after the adsorption process on silver are discussed. Some of semi-empirical calculated
HOF (heat of formation) values for uncomplexed and complexed species and the differences between them (AHOF)
are calculated by PM5 method. These values indicate the formation of 1:1 complexes of SiDD with Li" cation and
1:7-8 of SiNN with Li" cations. The respective calculations AHOF on the assumption that these molecules are
bonded by the coordinative interactions between the Ag surface and the electron lone pair at @ N atom of SiDD or
the 7 electrons of the vinyl group of SiNN resulted in the negative AHOF values and demonstrating that this kind of
interactions is very probable. The calculated distances between the Ag atoms from the surface and the respective
coordinating N atom or vinyl group in SiDD and SiNN molecules are 2.35 and 2.50 A, respectively.Silver immersion
into SiCC, SiNN and SiDD solutions in PC leads to the formation of well-ordered and electrochemically inactive
self-assembled monolayers. The AM1d calculations suggest that the SiCC, SiNN and SiDD molecules are physically
adsorbed with the silver surface atoms.

Keywords:Self-assembled monolayers, silicon-organic compounds,electrochemical activity, silverelectrode
surface, adsorption.

Introduction

Organosilicon chemistry is based on the fact that although the energy of Si-O and Si-C bonds is
similar to that of their purely organic counterparts, these bonds are longer and more polarized, which
makes them more flexible in terms of physical and chemical properties [1-3].

The steric hindrance and, therefore, barrier for rotation is far lower in a siloxane backbone than in a
carbon chain, which implies higher gas permeability, lower melting points and glass transition
temperatures along with a wider range of solubility observed for siloxanes [4]. At the same time, the
electronegativity of silicon atom (1.90, Pauling) is sufficiently low for the siloxane bridge to be cleaved in
alkaline and highly acidic conditions [5]. Condensation of resulting silanol moieties, Si-OH, is the basis
for obtaining a whole class of siliceous materials, from cost-effective amorphous silica gels, to specifically
tailored silica nanoparticles (e.g. Stober silica)[6], to periodic mesoporous organosilicas (PMOs) [7]. All
of those can be easily further functionalized. Taking advantage of the aforementioned reactivity of the
polarized Si-O bond, one can graft specific organic moieties on the surface of a resilient, non-toxic and
well-defined matrix, very often with a large surface area [8].
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Silica-based materials are commonly used in the laboratory and frequently synthesized for purposes
like separation [9], extraction [10], controlled drug release [11], templating [12], sensing [13], powder-
type emulsions stabilization [14], heterogeneous catalysis [15] and many others. Siloxanes, however, are
mainly encountered in polymer science, and the usefulness of smaller compounds comprising siloxane
bridges remains fairly unexplored, with few notable exceptions in supramolecular chemistry of metal
complexes [16-18].

Considerable attention has been drawn during the last few decades to modify noble metal surfaces by
forming ordered organic films of few nanometers to several hundred nanometers thickness [19-22]. One
of the simplest means of forming these ultrathin films is by the mere immersion of the noble metal surface
in a dilute solution (mM) of the organic molecule at ambient conditions and this unimolecular organic film
is popularly known as self-assembled monolayers (SAM). Indeed, SAM formation provides one easy
route towards surface functionalisation by organic molecules (both aliphatic and aromatic) containing
suitable functional groups like —SH, —CN, —COOH, —NH, and silanes on selected metallic (Au, Cu, Ag,
Pd, Pt, Hg and C) as well as semiconducting surfaces (Si, GaAs, indium coated tin oxide etc.) [23]. These
type of SAM modified surfaces are highly useful for investigating several fundamental phenomena such as
distance dependent electron transfer [24], mechanism of single electron transfer [25], observation of
molecular event such as Coulomb staircase [26] etc. on artificially designed nanostructures.

Due to the highlyordered nature and tight packing, these monolayers on metallic surfaces are also
important for several practical applications such as chemical sensing, control of surface properties like
wettability and friction corrosion protection, patterning, semi-conductor passivation, and optical second
harmonic generation [19].

Molecular engineering is an interdisciplinary area where supramolecular systems are designed
capable of electronic operations like switching, gating, rectification, amplification etc. The primary
objective is to design and synthesize suitable building blocks with novel and potentially useful electronic
properties. Aside from organizing interesting molecules in two dimensions, development of
nanotechnology also needs suitable size functional building blocks to continue the fabrication of
nanoarchitectures. Colloidal particles or clusters of metal and semiconductors are immensely suitable as
building blocks to tailor these types of nanodevices due to their unique optical [27] and electronic
properties [28]. Flexibility in functionalizing the terminal groups of SAM-modified surfaces allows the
build-up of nanoarchitectures with these nanoparticles. If a single molecule can serve as a switch or a logic
device its size allows the utilization of about 10" units/cm® compared to the presently used level of 10°
units/cm®. For memory applications, “one bit per molecule” can give unprecedented storage density along
with the other attendant advantages of size reduction. SAM is a simple way to organize 10"
molecules/cm® and hence is immensely suitable for achieving these objectives [29]. In addition, improved
response time and low power, as observed in systems of biological electron transfer, are other benefits.

The word SAM generally denotes a monomolecular thick film of organic compounds on flat (i.e.,
two-dimensional) metal or semiconductor surfaces. SAM formation providesone of the easiest ways to
obtain ordered monolayers through strong chemisorptionsbetween the substrate head group of a desired
compound and the metal surface leading tothe preparation of thermodynamically stable monolayers [20-
22] as compared to LB(Langmuir-Blodgett) and other techniques, where only physisorbed, thermally
unstablemono/multilayer films are obtained. Several studies show that long-chain alkane thiols(containing
more than six to seven methylene units) form more well-ordered defect-freemonolayers than short-chain
alkane thiols, disulphides or sulphides. Aromatic (pi systemslike benzene, naphthalene or diphenylene
systems) or/and hydrogen-bonded moleculeswith multiple contacts, containing functional groups like
thiols, amines, sulphides,selenides etc. provide improved stability [19].

One of the important advantages of SAM is that they can be prepared in the laboratoryby simply
dipping the desired substrate in the required millimolar solution for a specifiedtime followed by thorough
washing with the same solvent and drying, often using a jet ofdry argon. Gas-phase evaporation of the
adsorbant can also form good monolayers,although structural control is difficult. Several factors affect the
formation and packingdensity of monolayers, like nature and roughness of substrate, solvent used, nature
of theadsorbate, temperature, concentration of adsorbate etc. Cleanliness and crystallinity of the substrate
also play a crucial role in determining the compactness, often quantitativelyestimated by the pinhole
distribution.
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Electrochemical techniques like cyclic voltammetry (CV) [30], and impedancemeasurements [31, 32]
are easy techniques for monitoring monolayer characteristics. Theseelectrochemical studies also provide
useful information about the distribution of defectslike pinholes, redox property of attached groups
(ferrocene, ruthenium bipyridine, andsimple bipyridine molecules), kinetics and mechanism of monolayer
formation,quantitative estimate of coverage etc.

In this article, we describe the results of a study on the behaviour of compounds of SiCC, SiNN and
SiDD and these complexes with lithium cations in solution and after the adsorption process on the silver
surface.

Methods

SiCC was synthesized by trans-esterification reaction in benzene of 3-(trimethoxysilyl)-propanethiol
with ethanol or ethylene glycol monomethylether and traces of dibuthyltin oxide as a catalyst in benzene
as solvent.

The obtained product was purified by vacuum distillation. The purity of the product was controlled by
'H NMR spectroscopy. 3-(trimethoxysilyl)-propanethiol was used as commercial product (Aldrich) after
vacuum distillation. The 4,7-diazaheptyl-trimethoxy-silane (SiNN) and vinyl-trialkoxy-silane (SiDD) were
commercial products of ABCR Gelest and were used without any purifications. The purity of the products
were controlled by "H NMR spectroscopy.

The electrolyte solutions for electrochemical measurements were made using propylene carbonate
(PC) from Merck purified by fractional distillation in dry argon atmosphere and dried over 4 A molecular
lithium sieves. LiClO,4 (Aldrich) was dried in a vacuum oven below its melting point.

Adsorption procedure

Silver strips (99.999%) were polished with aluminium slurries (Buehler) of successively decreasing
final grades (down to 0.05 pm) on polishing cloths (Buehler), rinsed carefully with a dry solvent
(acetonitrile or propylene carbonate). The 3-(trimethoxysilyl)-propanethiol, SICC, SINN and
SIDDadsorbates were formed on the silver strips both from the liquid thiol compounds and from their
acetonitrile or propylene carbonate (PC) solutions (0.2 M). After taking out from the liquid phase, the
adsorbates were rinsed with a pure and dried solvent (acetonitrile or propylene carbonate) and allowed to
dry 12 h in the water free argon atmosphere. Furthermore, the surface layer was subsequently subjected to
hydrolysis and condensation by immersing the SICC modified sample in water for 12 h.

FT-IR spectroscopy

The reflection-absorption spectra for 3-(trimethoxysilyl)-propanethiol, SiCC, SiNN and SiDD
adsorbates on smooth silver strips were obtained in an N2 atmosphere on a Brucker 113 V FT-IR
spectrometer with an FT-80 grazing angle infrared reflection accessory and a liquid N, cooled TGS
detector. Typically, 2000 scans with 1 cm ' resolution were performed. Additionally, for comparison, the
transmission FT-IR spectra of the thiol substrates were recorded on the same spectrometer.

Results and discussion

The formulae of these molecules are given in Fig 1. [33].
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Figure 1 - The formulae of 3-[ Tris(2-methoxyethoxy)silyl]-propanethiol (SiCC),
4,7-diazaheptyl-trimethoxy-silane (SiNN) and vinyl-trialkoxy-silane (SiDD)
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AM1d and PM5 semi-empirical calculations. Semi-empirical AM1d and PMS5 calculations of the
structures of non-adsorbed and adsorbed SiCC, SiNN and SiDD molecules as well as their
complexes with Li" cations and maximum surface packing densitywere made using the WinMopac
program (Figs. 2-5).

Figure 2 - The structure of the surface layer with 60% of maximum packing density of SiCC molecules on Ag; (a) without Li"
cations and (b) with Li" cations.
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Figure 3 - a) The structure of the complex of SiNN with Li" cation; b) The structure of the surface layer of SiNN complexed with
Li" on Ag with 68.6% of maximum packing

Some of semi-empirical calculated HOF (heat of formation) values for uncomplexed and complexed
species and the differences between them (AHOF) are calculated by PM5 method. These values indicate
the formation of 1:1 complexes of SiDD with Li" cation and 1:7-8 of SiNN with Li" cations. The results
obtained for the SINN molecule are well comparable with the experimental AH data as well as the number
of complexed Li" cations reported previously [34-35].
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The visualization of the representative favourable structures of 1:1 and 1:7 respective complexes are
shown in Figs. 3a and 4. The Li" cation in the structure of the 1:1 complex of SiDD is coordinated by the
oxygen atoms of the methoxy groups. In the structure of SiNNcomplexes the first Li" cation is coordinated
by the oxygen atoms neighboring the silicon atom and every other cation is localized at a maximal
distance from the others. This is visualized in the structure of 1:7 complex of SiNN with Li" cations given
in Fig. 4.

The respective calculations AHOF on the assumption that these molecules are bonded by the
coordinative interactions between the Ag surface and the electron lone pair at ® N atom of SiDD or the ©
electrons of the vinyl group of SINN resulted in the negative AHOF values and demonstrating that this
kind of interactions is very probable. The calculated distances between the Ag atoms from the surface and

the respective coordinating N atom or vinyl group in SiDD and SiNN molecules are 2.35 and 2.50 A,
respectively.

Figure4 - The structure of the 1:7 complex of SiDD with Li" cations.

On the basis of the AM1d calculations, the area per one adsorbed molecule in a densely packed layer
of SiDD and SiNN with the long oxaalkyl chains in an almost perpendicular orientation with respect to the
electrode surface was found to be 0.268 and 0.40 nm’, respectively. The surface concentration of 3.73 x

10" molecules per cm® for SiDD and 2.50 x 10'* molecules per cm” for SiNN at a saturation coverage of
the silver surface.

—— 4 ——
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Further calculations were performed for surfaces with about 60% of the maximum packing density.
On such assumption, the distribution of SiDD or SiNN molecules on the Ag surface has more or less
statistical character. The molecules adsorbed are able to form complexes with Li" cations comparable to
those discussed above for free molecules. The respective structures of the monolayers on the silver
surfaces of non-complexed SiNN molecules and of complexed with Li’ cations SiDD molecules are
shown in Figs. 3 b and 5.

The other calculations were performed for surfaces with 60% of maximum packing density. On this
assumption, the distribution of SiCC molecules on the Ag surface has more or less statistical character
(Fig. 2a), but the Fig. 2b shows the structure of the same model after complexation of Li" cations. The
calculations suggest that Li" cations are bonded in a favorable way within each molecule between the
oxaalkyl chains.
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Figure 5 - The structure of the surface layer of SiDD on Ag with 58.0% of maximum packing density.

Conclusions

Silver immersion into SiCC, SiNN and SiDD solutions in PC leads to formation of well-ordered and
electrochemically inactive self-assembled monolayers. The AM1d calculations suggest that the SiCC,
SiNN and SiDD molecules are physically adsorbed with the silver surface atoms. The SiCC, SiNN and
SiDD species alone and after adsorption on the Ag surface form complexes with Li" cations, coordinated
by oxygen atoms of the oxaalkyl chains.
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KYMICTIH BETIHJAE ALICOPBIIUAIAHIAH SI-OPT’AHUKAJIBIK KOCBIJIBICTAP
MOHOKABATTAPBIHBIH KYPbIJIBIMBI ’)KOHE 3JIEKTPOXUMMUAJBIK
PEAKIIUAJIBIK KABIJIETTEPI

AHHoOTanus. ¥ CBHIHBUIBII OTBIPFAH >KYMBICTAKYMICTIH OeTiHIe aacopOuLusulaHFaH Si-OpraHUKAabIK KOCBUIBICTap
MOHOKA0ATTapbIHBIH KYPBUIBIMBI KOHE 3JICKTPOXUMUSIIBIK PEAKIHSIIBIK KaOUIETTEPiH 3epTTey HOTHXKENEpl KeNTipiireH.
ITponuneHkapOOHATTHIH TOTHIKCHI3JaHYbIHA, COHJIAM-aK, KYMIC 3JEKTPOIbIHbIH O€TiHe IMTUH/IIH TYHYbIHA HHTUOUpIIEYIi
acep eTeTiH KOMITAKThUIbI CHIIOKCaH bl ka0biHaap 3- [Tpuc (2-merokcudToken) cuiui]-mpornantron (SICC) kemeriMex
aneiaabpl. CoHmaii-aK, Ka3ipri TaHxa KOPPO3USHBI aliblH aly OOMBIHIIIIA KbI3bI-FYLIBUIBIK TYFBI3aThIH 4,7-Ana3arenTi-
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Tpumerokcucunad (SINN) xone BununTpuxkokcucuiaan (SIDD) anbiaasl. 2KyMbIcTa 0Cbl KOCBLIBICTApABIH KYMic OeTiHAeri
3JIEKTPOXMUSUIIBIK KacueTTepi 3eprrey Hotwkenepi kenripiireH. SICC, SINNone SIDD KypbUIBIMAApHI JKOHE KyMic
OeTiHaeri KaTHOHJApMEH KOMILIEKCTEpl »apThlaall SMIMPUKAIBIK TocinMeHAMId ecenrtenai »xoHe HaxThlIaHAbLSICC,
SINNxone SIDD xoHe onapIblH KOMIUICKCTEPI MOJICKYJIAlapbIHBIH €pITiHIimeri koHe Ag OeTiHIe aacopOLusiaHFaH
KEHiHT1 KYphUIBIMAAPEI TaIKbUIAHIBL.

KomrutekcrenMereH »aHe KOMIDIEKCTEITeH TYpIepi xaHe oJlapAbIH apackiHAarsl aibipeiMbl (AHOF) i sxapTeuai
smnupukansik ecentenared HOF (Ty3iny »butynapbl) miamanapbiHbIH keiibipi PMS tocinimen ecentenni. byn monnep 1: 1
Li'karnonsimenSiDDxkone 1: 7-8 Li+KaTI/IOH,I[apLIMeH SiNN komrmiekcrepiniy Ty3uterinairin kepcereni. AHOF colikec
ecenreysepi KepceTKeHAeH, OChl MoJjeKyianap Oerki kabarrarbl kymic meH SiDD-garbl @N aTOMBIHAAFBI 3JEKTPOH
JKYOBIHBIH apachblHAAFbl KOOPIWHAIMSIBIK OaitmaneicrieH Hemece SiNN-mafbl BHHWIAI TONTHIH TIJIEKTPOHAAPHIMEH
Gaitnanbickad, AHOF tepic MoHIepiHe oKeJi >XKOHE OChl OPEKeTTEeCyIiH eTe BIKTUMal eKeHJIIriH kepcerTi.beTrik
KabaTTarbl KyMicaToMbl MeH coiikec keneTiH N arombel Hemece SiDD m SiNN MonekyiamapblHIaFsl BUHIJIBII TONTHIH
apachIHIAFkl eCENTENTeH apa KANILIKTHIK colikecinme 2,35 xone 2,50 A kypaiinsl. TIponunenkap6onartarsl SiCC, SiNN u
SiDD epitinainepiHe KyMicTi GaTbIpy, KaKChl PETTEITCH JKOHE AJICKTPOXUMHUSIIBIK aKTHBTI €MeC O3IiriHeH YHbIMIACaAThIH
MOHOKaOaTTapblF Ty3inyine okeneni. AM1d ecenrey-nepi, SiICC, SiNN xone SiDD monekynanapbl 0eTTik KabaTTarbl
KYMIC aToMIapbIMeH (DH3HKAIBIK aJ1cOpOIHs-TIaHa/IbL.

Tyiiin ce3aep:e3liriHeH XHHAKTAIATHIH MOHOKA0ATTap, KPEeMHHHOPTaHUKAIBIK KOCBUIBICTAD, 3JEKTPOXUMHS-JIBIK
OeJceHIIIK, KYMIC 3JIEKTPO/IbIHBIH O€TTiK KabaThl, ancopOuus
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CTPYKTYPA U JIEKTPOXUMHUYECKAS PEAKITMOHHASI CIIOCOBHOCTb MOHOCJIOEB
SI-OPTAHUYECKHUX COEJUHEHWH, AICOPBUPOBAHHBIX HA IOBEPXHOCTH CEPEBPA

AnHoTanusi. B nmanmHONM cTaTee AaHBl pPE3yIbTATHl 1O HCCIENOBAHUIO CTPYKTYphl M 3JIEKTPOXMUMHUYECKOU
PEaKIMOHHOM CIIOCOOHOCTH MOHOCJIOEB KPEMHUHOPraHMYEeCKUX COEAWHEHHUH, aJcOpOMPOBAaHHBIX Ha IOBEPXHOCTH
cepebpa. KommakTHbIe CHIIOKCAaHOBBIE IUIEHKH, BBI3BIBAIOIINE HMHTHOUPYIOLIee BO3ICHCTBHE Ha JJIEKTPOBOCCTAHOBJICHHE
IIPONUICHKapOOHaTa, a Takxke ocaxJeHue Li Ha cepeOpsHOM IEKTpoAe, ObUIH HosTydyeHsl ¢ 3- [Tpuc (2-MeTOKCHITOKCH)
cummn|  mpoma"tuonioM  (SICC).  Hamum  Ttakke — momydensi4,7-amazarentin-tpuMerokcucuinad — (SINN) o
BuHMITpUKOKcHcuinana (SIDD), koTopble MOTYT ObITh MHTEPECHBI C TOYKH 3PEHHUs MPEIOTBPALICHUsI KOppo3uu. B pabore
TPE/ICTaBIEHBI Pe3yIbTAaThl UCCIEAOBAHUH YIEKTPOXHUMHUUECKOTO TIOBEJCHHUS ITUX COCAMHEHUH Ha MMOBEPXHOCTH cepedpa.
Boimu paccuutans! 1 Bu3yanusupoBanbl cTpykTypsl SICC, SINN u SIDD u uxX KOMIIIEKCH ¢ KATHOHAMH Ha MOBEPXHOCTH
cepebpa nonysmnupudeckum metogqoM AM1d. O6cyxaensl ctpyktypsl Moiekya SICC, SINN u SIDD u nx KOMIUICKCOB B
pactBope W mocie mporecca aacopbunn Ha Ag. Hekoropwle W3 MOMYySMIHMPHYECKMX BbIYMCICHHBIX BenndnH HOF
(TeroThel 00pa3oBaHMs) /Il HEKOMIUIEKCHBIX M KOMIUICKCHBIX BUIOB U paznuuuit mexxay HuMu (AHOF) pacuuransr PM5
METOAOM. DTH 3HaUY€HHs NMOKa3bIBalOT oOpa3zoBanus 1: 1 kommiekcoB SiDD ¢ kaTroHOM Li" u 1: 7-8 SiNN ¢ kaTHoHaMH
Li".CootserctByromue pacuersi AHOF B IpeIionoXeHnH, 9To 3TH MONEKYIbI CBA3aHBI OCPEICTBOM KOOPIMHAIIMOHHBIX
B3aUMOJICHCTBUN MEXIy NMOBEPXHOCTbIO Ag U 3JIEKTPOHHO-OAMHOUHOH mapoil Ha atome WN SiDD unu m-31eKTpoHaMU
BUHIWIOBOH Tpynmel SiNN, npuBenu k orpunarensHbiM 3HadeHHssM AHOF u mokasanm, 4to TOT BHI B3aUMOJCHCTBHS
BEChbMa BeposiTeH.PaccunTaHHbIE pacCTOAHUS MEXKy aTOMaMH Ag ¢ TIOBEPXHOCTU M COOTBETCTBYIOLIEH KOOPIUHUPYIOLIMI
N aToMOM HIM BHHIIBHOH rpymmoii 8 SiDDu SiNN momekymax coctapmsiior 2,35 1 2,50 A, cootsercTBenHo. [lorpyxenne
cepebpa B pactBopbeISiCC, SiNN u SiDD B nponuieHkapOOHaTe MPUBOAUT K 0OpPa30BaHHIO XOPOIIO YIOPSIOUYEHHBIX U
AJIEKTPOXMMHYECKH HEAKTHBHBIX CaMOOpraHU3yoUuxcs MoHocaoeB. Pacuerst AM1d nokaspiBatot, uto monekyibsl SiCC,
SiNN u SiDD ¢usudecku aacopOUpyroTcs aToMaMu cepedpa MOBEPXHOCTH.

KuaroueBble ¢€J10Ba:caMOOPraHU3YIOIIMECS MOHOCIOH, KPEMHHHOPTaHMYECKHE COEIMHEHHS, 3JIEKTPOXUMHYECKas
aKTUBHOCTb, TIOBEPXHOCTh CEPEOPSIHOTO AJIEKTPO/IA, aICOpOIHs
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DETERMINATION OF RARE EARTHS IN URANIUM RAW MATERIAL
BY NEUTRON ACTIVATION ANALYSIS AND X-RAY FLUORESCENCE

Abstract. Development of the rare-earth branch of the non-ferrous metallurgy is declared as a foreground
direction of the Kazakhstan’s national economy in the XXI century. High content of rare earth elements (REE) is a
characteristic feature of various Kazakhstan’s uranium deposits. To determine REE content of mineral raw materials
the next non-destructive methods are the most suitable — instrumental neutron activation analysis (INAA) and X-ray
fluorescence (XRF). A range of REE determination in a uranium ore by neutron activation technique is substantially
impeded by the uranium fission products generating direct (La, Ce and Nd) and spectral interferences. Geological
sample analysis for REE content by X-ray fluorescence suffers from insufficient sensitivity, as usual, and is restricted
by the light lanthanides mainly.

In the present work, by the example of the ore samples from the Shu-Sarysu uranium provinces, the possibility
of INAA method to analyze REEs under the conditions of severe interferences caused by high uranium content is
considered. Light lanthanide determination by XRF at the level of their average crustal abundance is carried out with
the help of a modernized energy dispersive spectrometer RLP-21T using K-series of their characteristic X-ray
radiation. Comparison of La, Ce and Nd content of the uranium ore samples by INAA and XRF using the non-
parametric Mann-Whitney statistical test showed that distinction of the results is statistically insignificant. Based on
the uncertainty budget evaluation, maximum corrections of the analytical line count rates are assessed corresponding
to the limits of quantitative and semi-quantitative determination of La, Ce and Nd by INAA. XRF was concluded as
a more preferable method to analyze rocks for light lanthanide content.

Keywords: neutron activation analysis, X-ray fluorescence, rare earth elements, uranium ore.

Introduction. Due to the increased demand for the rare earth elements (REE) in the world’s high-
technological industries, additional sources for their extraction differing from the REE ores are searched
now. REEs are often found associated with other valuable element mineralization including uranium ores
which can contain appreciable REE contents [1,2]. E.g. the unique complex uranium deposit Melovoe in
Kazakhstan belongs to this type [3].

Among the most common methods being used at present for REE determination in geological
samples, the non-destructive techniques such as instrumental neutron activation analysis (INAA) and X-
ray fluorescence (XRF) analysis can be noticed [4,5], since one of the main drawbacks of the other
methods is sample decomposition.

Spectral interferences from the uranium fission products in INAA including light lanthanides were
studied in details by many researchers [6-8]. Corrections are made by calculation apparent concentration
of an element per 1 ppm of U or uranium k,-fission factors both theoretically and experimentally [9-11].
At present fission product correction algorithms embedded in the analytical software such as Kayzero for
Windows work very well in routine practice and only the samples with very high uranium contents can
give rise to trouble [12].

Unlike INAA, XRF analysis of geological samples for REEs is not impeded by high uranium
contents, and this is its greatest advantage [13]. One of the main restrictions is caused by the lack of
appropriate compact and safe sources of primary gamma-rays due to the relatively high energies of REE
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K-series excitation — more than 39 keV. (100 kV X-ray tube, the out-of-production expensive XRF
spectrometer Epsilon 5 is equipped with, is the single exception [14].) Therefore direct (without any
preconcentration) energy dispersive XRF with isotope excitation by **'Am suffers from insufficient
sensitivity and can be used, as a rule, to analyse rocks only for La to Nd above their average crustal
contents [15,16]. Some heavier REEs can be determined by their L-series, but the sensitivity is even worse
and sophisticated algorithms must be used to overcome severe spectral interferences [17]. Wave dispersive
XRF spectrometers gain the lower limits of detection due to better resolution in the low-energy region
[18]; however, a preconcentration is necessary for reliable analysis for heavy lanthanide contents [19].

In this work, high sensitive energy dispersive XRF with REE K-series excitation and INAA using the
XRF-based internal standard method (ISM) were applied to analyze REE content of the uranium core
samples collected from a range of new sites of the Shu-Sarysu uranium provinces in Southern Kazakhstan.

Methods

A great number of grinded samples were studied by the gamma-ray spectrometric method and more
than thirty of them characterized by uranium content not exceeding =500 ppm were selected. Y, La, Ce,
Pr, and Nd contents of the samples were measured by XRF technique using a modified energy dispersive
spectrometer RLP-21T by JSC “AspapGeo”, Almaty, Kazakhstan. 12-15 g of the powdered assays to
provide “the saturated layer geometry” were pressed in Al dishes with mylar film bottom and analyzed in
the automatic operating mode for twenty minutes.

The modified RLP-21T represents a new generation of reasonably priced portable XRF spectrometers
since it can excite K-series of the X-ray spectra by a miniature low-powered X-ray tube. Maximum power
of the X-ray tube with tungsten anode and air cooling is 10 W, and it can operate at up to 70 kV. The
spectra are counted by a Peltier-cooled high-purity Si detector. No intermediate target is used due to a
drastic loss of primary gamma-ray intensity. Since light lanthanide K-series is registered over the low-
energy slope of the X-ray tube scattered bremsstrahlung radiation, a high-efficiency spectrum treatment
algorithm is applied to calculate peak areas under the unfavourable signal-to-background ratio conditions.
In order to get maximum accuracy, the element content of the samples is calculated using a reference-free
modified method of the fundamental parameters.

As the spectrometer was designed to analyze geological samples, first of all, the accuracy of its
software was repeatedly confirmed with the help of different corresponding certified reference materials
(CRMs). E.g., the ascribed uncertainty of Fe content measuring in rock samples is (2-8)%, and this made
possible to use the results of Fe analysis as an internal standard in INAA to calculate REE and other
element contents [20]. RLP-21T is enrolled in the State Register of Measuring Devices, and the certified
analytical technique is registered by the National Body for Certification of Kazakhstan

INAA of the same samples for the long-lived REEs only (without Pr, Dy and Er) was then carried out.
About 100 mg of the assays were sealed in small double polyethylene bags, divided into several parties,
and packed in Al foil for independent irradiations. A zirconium monitor to calculate epithermal to thermal
neutron flux ratio 1/f (20 mg of ZrO,) and about 50 ug of uranyl to evaluate the contribution of the
uranium fission products were added to each package. The latter samples were prepared by drying a drop
of uranyl nitrate solution pipetted on a piercing of Al foil.

To verify the accuracy of REE analysis two samples of the uranium-rich CRMs were used — OREAS
100a (uranium-bearing multi-element reference material by Australian “Ore Research & Exploration™),
and OSO 528 (phosphorus-REE-uranium ore by the All-Russian Scientific Research Institute of Mineral
Resources). Due to the enhanced REE contents, the sample masses were reduced to 30 mg to avoid
possible self-shielding of the neutron flux. However, since the U/REE ratios of these CRMs are not too
high, two additional control samples were prepared by adding about 100 ug of uranyl to 100 mg of two
rock CRMs with low REE contents — GBW-07110 (trachyte andesite by the Institute of Rock and Mineral
Analysis, China), and GBPG-1 (garnet biotite plagiogneiss by the A.P.Vinogradov Institute of
Geochemistry, Russia).

All the packages were placed in the irradiation containers and irradiated in different days for 2.5 hours
in the position Ne 4 inside the “wet” channel Ne 10-6 of the new modified active zone of the research
reactor WWR-K with a typical neutron flux density n-10" cm™s™.
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Two high-purity Ge detectors of different types were used to collect gamma-ray spectra: an extended-
range coaxial GX5019 with a relative efficiency of 50% and an energy resolution of 1.86 keV at the
1332 keV peak of *Co connected to a Canberra multi-channel analyzer DSA-1000, and a planar
GLP36360 with the crystal dimensions 36x13 mm and an energy resolution of 585 eV at the 122 keV peak
of >’Co connected to an ORTEC multi-channel analyzer DSPEC LF. Detector calibration for relative
detection efficiency was made with the help of a multi-gamma ray standard ("**Eu, '**Eu, '*Eu) and an
isotopic source '**Ba, both by Canberra.

The irradiated uranium ore samples were counted by the coaxial detector several times: after seven
days (to analyze La, Sm, Yb), two weeks (Ce, Nd, Eu, Tb, Sc), and almost two months (Gd, Tm) of decay.
Such a long time interval comparing with 30 days for usual rock analysis is necessary to make *’Np X-ray
Ko peak (103.4 keV) completely decayed since it turned out to be a serious spectral interference for the
103.2 keV line of '**Gd. To avoid the same interference in the case of '**Sm analysis intensity of its 69.7
keV line was measured.

The planar detector was used to analyze holmium in the ore samples by two measurements — after 6
days (#;) of decay and after 15-17 days (#,), when "Ho was considered completely decayed. '“Ho count
rate to calculate the corresponding REE content was found as follows:

Jt{{o = Jtlz _the /kexp(_/ixe(tz -1 )

where J* is the sum peak (166Ho and 133Xe) count rate, Ax. — the '**Xe decay constant, and factor k& takes
account of different measuring geometries. Due to a considerable spectral interference of 208.4 keV line
of *®Lu and 209.8 keV line of **’Np the former line intensity was also counted by the planar detector after
two or three weeks of decay depending on the uranium content.

Table 1 — Main nuclear parameters and interferences of the radionuclides
used to calculate REE by INAA internal standard method

Radionuclide Half-life, days Energy, keV 3:33“51 Interferences Detector
, /0
Fe 44.5 1099.2 56.5 GX5019
3¢ 83.8 889.3 99.9 GX5019
"La 1.7 1596.2 95.4 U GX5019
Mce 32.5 145.4 48.3 U(n,f) GX5019
INd 11.0 91.1 28.1 U(n,)) GX5019
153 187vx7 140 GX5019
Sm 1.9 69.7 47 W, “La GLP36360
2Ey 4943 121.8 28.7 GX5019
53Gd 240.4 103.2 21.1 153Sm, 2Pa, *’Np GX5019
160 72.3 298.6 26.1 3py GX5019
) 1.1 0.6 6.7 33, B GLP36360
70T 128.6 84.3 2.5 182Tq GX5019
5yp 4.2 396.3 13.2 GX5019
"Lu 6.6 208.4 10.4 Np GLP36360
233 GX5019
Pa 27.0 311.9 38.5 GLP36360
Bl 8.0 364.5 81.5 GX5019

The main nuclear parameters of the analytical gamma-ray lines of the radionuclides used to calculate
REE content, the interferences which were taken into account, and the detectors to count specific
radionuclide intensities are summarized in Table 1. U(n,f) means the same radionuclide as a U fission
product, whereas '**Xe and "*'I by the uranium fission reaction appear as a spectral interference. Some
minor interferences in an ordinary rock matrix were regarded as inessential and neglected. The partly
resolved peaks were divided by the software.

Typical measuring time was 20-30 minutes and amounted to three hours in the case of Gd and Tm
analysis because of their low content. Spectra collection was carried by the MAESTRO software
(GLP36360) and by the special software developed in the Institute of Nuclear Physics (GX5019). No
corrections for neutron self-shielding, gamma-ray self-absorption or true-coincidence effects were applied.
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Unlike the approach where La, Ce, and Nd apparent contents are corrected for uranium fission
products using U measured contents, the analytical line count rates of the corresponding radionuclides
were corrected. With this end in view, the contribution coefficients F; as the ratios of these analytical line
intensities to the intensities of **Np full-energy peak and two long-lived uranium fission product (**'I,
'%9Ba) peaks were estimated empirically. Once measured in certain time F; values can be recalculated for
any time of decay. '’Sm peaks originating from *°U fission after uranyl sample irradiations were
indistinguishable in the spectra and this interference was therefore neglected.

The same variant of the single comparator method of standardization as described in [20] was applied,
and REE content of the uranium ore samples were calculated according to the algorithm presented in [21].
1/f ratio in the selected position by the results of a range of independent irradiations appeared to be
1/f=0.031 £ 0.002 (P=0.95, 0= 0.001). This ratio differs from the value evaluated in [21] because for
the time elapsed beryllium reflectors were installed into the reactor’s active zone.

Fe content of the uranium samples measured by XRF was used as the internal comparator to
determine U, Th and the REEs analyzed by the coaxial detector. Since the intensity of 192.3 keV line of
*Fe counted by the planar detector was very low, Th content of the samples was used as the internal
comparator to analyze Lu, and Sm content — to analyze Ho.

Results and discussion

All the three ways of La, Ce, and Nd analytical line count rate correction were compared with the
help of OSO 528 and OREAS 100a and led to almost the same contents of these REEs. Relative bias was
about 1% in the case of Nd determination, <2%, and <3% in the cases of Ce and La determination,
correspondingly. However, taking account of that '*’Ba count rate may be rather low and **’Np count rate
is much more affected by neutron flux spectrum composition than fission products, the "'I-based
correction was considered as more reliable. The results of light lanthanide analysis in the two uranium-rich
CRMs using this way of correction are presented in Table 2.

As for the uranium-enriched CRMs, the measured Nd contents using the "*'I-based correction differed
by 1% comparing with the results of initial CRM analysis, by 3% and by (3-4)% in the cases of Ce and La
determination; however the assessments can be different if compared with the certified values in Table 3.
To demonstrate that the loss of accuracy wasn't too high Figure 1 is adduced revealing how the correction
factor Ki,r. for La analysis by INAA ISM was defined [20]. Only the CRMs contributing to K, .
evaluation within £5% of the relative bias including 07110 and GBPG-1 (the green area) were selected.
Two dark dots show deviations of La determination in the same CRMs when they were highly enriched
with uranium.

The values of La, Ce, and Nd count rate corrections came up to (70-85)%. Despite the
recommendation to reduce decay time of '*’La analysis in order to decrease its production from the
reaction *°U(n,)'*’Ba—'*"La [11], the results after a fortnight decay (when '“’La decay curve becomes
exponential-like) appeared to be more correct than after a week of decay, although the correction is higher.
That is why two weeks of decay was implemented subsequently to analyze the uranium ore samples.

Table 2 — REE content of the uranium-rich CRMs, ppm

CRM Element U/REE ratio Certified value Measured value | Count rate correction, %
La 0.847 444 + 33 439 +£ 44 23.8
Ce 0.481 782 + 69 768 +77 12.1
0S0 528 Nd 0.985 382 +25 384 +39 18.5
Ho 20.3 18.5+0.7 18.5+2.7 44.7
Lu 66.7 5.64+0.23 5.80+0.70 * -
La 0.519 260+ 9 267 £27 13.0
Ce 0.292 463 + 20 464 £ 47 7.9
Oreas 100a Nd 0.888 152+8 152+ 15 19.2
Ho 28.1 4.81+0.14 4.82+0.78 59.6
Lu 59.7 226+0.11 2.33+0.24 -

* Th content of OSO 528 is not certified and measured by INAA using GX5019 detector




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Table 3 — REE content of the uranium-enriched CRMs, ppm

Holmium measured contents of OSO 528 and OREAS 100a differed from the certified values by only
1% with '®Ho count rate corrections amounted to 60%. Ho determination in the uranium-enriched CRMs
appeared impossible due to very high U/Ho ratios. Lu determination in all CRMs as described above

CRM Element U/REE ratio Certified value Measured value CounF rati
correction, %
La 25.8 53.0+8.0 522+83 81.0
GBPG-1 Ce 13.1 104+ 11 100 + 14 75.8
+U) Nd 312 43.8+7.3 443+9.8 85.5
Lu 4406 0.31£0.05 0.32+0.04 -
La 18.4 62.5+£2.5 57.8+8.6 76.4
GBW 07110 Ce 9.8 1177 113+ 16 70.7
+U) Nd 243 472+25 473+95 82.7
Lu 2340 0.49 £ 0.04 0.51 +0.06 -
€ 110
o .
= 103 e
= ™ e @
E 100 o °
- e @ ]
= (]
S 093 -
E o ° ®
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Figure 1 — Changing of La determination accuracy after 07110 and GBPG-1 CRMs
were enriched with high uranium contents

revealed the relative bias no more than 4%.

So, the CRM analysis made possible to demonstrate that the INAA ISM being used with the proposed
way of uranium fission product corrections allows maintaining the precision of the method under the

conditions of high U/REE ratios.

Table 4 - Comparison of La, Ce, and Nd analysis in the uranium
ore samples by INAA ISM and X-ray fluorescence methods

La content, ppm | Ce content, ppm Nd content, U U/REE ratio CounF rate:)

Sample ppm correction, %

number conten FEHITTUIC [ UN
INAA | XRF INAA | XRF INAA | XRF t, ppm a . d La Ce Nd

1 2 3 4 5 6 7 8 9 10 11 12 13 14

113 £ [ 122 £ | 285+ | 297 £ | 11.3 £ | 12.0 £ | 204 + 17 80.3

1748 1.8 4.4 3.9 8.3 2.1 4.4 24 17 6.9 81.9 1 66.7
107 = | 12,1 £ | 273 £ 298 £ | 12.1 £ | 129 + | 377 % 86.1

3258 2.6 4.4 4.0 8.3 2.8 4.4 45 31 13 29 e
68 + |58 +£[201+|174+£|91 £ |77 +|426 =

1685 3.0 2.7 3.5 4.4 3.2 2.7 51 73 24 55 957 | 863 91.9
129 = | 128 £ | 314 £ | 324 £ | 139 £ | 143 £ | 257 +

8109 2.4 4.4 4.3 8.3 2.6 4.4 31 20 7.9 18 86.9 | 70.0 80.9
126 = | 120+ [ 299+ | 274 £ | 114 £ | 114 £ | 205 =

282216 2.1 4.4 4.0 8.3 2.0 4.4 25 17 75 17 820 1626 77.6
99 +£| 105+ |255+|243+|10.1 +| 102 +| 310 +

282035 2.5 4.4 3.8 8.3 2.6 4.4 37 29 13 30 LT | 784 88.0
122 + [ 104 £ | 289 £ | 268 £ | 11.8 £ | 11.2 £ | 196

7108 2.0 4.4 4.0 8.3 2.2 4.4 23 19 73 18 8321679 80.5
104 = | 112 £ | 238 £ | 254 £ | 113 £ | 12.7 £ | 226 =

3407 1.6 4.4 3.5 8.3 2.5 4.4 27 20 8.9 18 80.1 1774 85.0

— 3 ——
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Table 4 (continuation)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Tl ol ol i o P - R E PR T
R N R N e R e CR M R
O v F ol ol i il ol e CR R P A P
02 o0 lad s |oa laa e |17 |78 |4g | 750 |76 | gy
65 58 ek |56 |as|s0 |ad o |ar |30 |1 |5 |97 |88 | g
10 155 as e |0 les o lss e |44 |19 g |27 ]384 |5
|5 [ 2 T S o s [, [ |0
| B AT 0 B (W [ [or [, [ [0
2% |55 lad |56 |5 |ao las |m o |M|63 g5 |641)552 | g
M8 |5y " |ak|es |53 |sa|as e |2 |88 |5 |653)669 | g,
SR Y S P B i vl vl i L o R RSB RO Y
e | 2 B B N 015 or |, |17 | ot |

Table 4 - (continuation). Comparison of La, Ce, and Nd analysis
in the uranium ore samples by INAA ISM and X-ray fluorescence methods

Sample La content, ppm | Ce content, ppm Nd ggﬁiem’ U U/REE ratio C()Cr?;clltiorifi o
number conten ITTIC | UN

INAA | XRF | INAA | XRF | INAA | XRF | t,ppm a R d La Ce Nd
M4 |5 |ad |55 |8 |ss |aa |y 1|76 |4 |70 T2 |4,
G VU PV 2 ' i P i PV - L R O R R Y
25 o3 laa |5t |ss las o laslse |30 |14 s [892)81 ),
20|57 |8y lor | |sw |ss o |ar |89 |37 |g5 | 601|486 | g
200 |55 e e |ss o |sa o las lse B[00 |y 89580 g
3 |25 a7 lar |ss |so laa a4 |15 |5 | 904|848 | gy,
s |27 |ad o |5 |a3 las |oe |1 |81 |14 | 786|576 | 45,
s |27 | ad st s |a7 |aa | |20 |84 | |64 667 |y,
ss0s |27 a4 |55 |83 |oe |as |5 |M 56 | |72 513 |,
o2 |23 | a4 |as w5 |os |aa |as |1 |67 |4y |16 622 | 4,
282219 ?3 i gg i ;.76.4i 411.741i ?55; i ;;1 i ;26 i 28 12 26 934 171 89.1
a0 |15 |27 |33 |83 |us |ar | |20 |83 |5 |84 605 | g
oy |29 |83 |55 &3 a5 |ad |1a |57 |28 |5 | 668|426 |,
s |24 a4 |as |ss o |oi o laalaa |16 |68 |ig | BT |61 |5,
call E R DY S W e 2 i el R R R KR
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Table 5 - Rare earth element contents of the uranium ore samples by INAA and X-ray fluorescence methods, ppm

Sample | o Y Pr Sm Eu Gd Tb Ho Tm Yb Lu
number
1748 240 = | 209 + | 53 = | 293 = | 0.585 2.80 = | 0.381 055 + | 0236 152 + | 0223
024 |83 1.4 035 | 0.059 0.56 | 0.038 0.19 0.042 0.15 | 0.027
2258 221 = | 186 + | 5.7 =+ | 3.05 = | 0.663 266 = | 0.507 0.78 + | 0237 147 = | 0.290
022 | 44 2.7 037 | 0.066 0.54 | 0.051 0.38 0.043 0.15 | 0.035
1685 273 £ | 147 + | 3.5 +| 230 | 0.544 236 + | 0.348 - 0.203 131 = | 0213
027 | 44 1.4 028 | 0.055 048 | 0.035 0.037 0.13 | 0.026
2109 480 = | 175+ | 62 = |3.43 + | 0.806 2775 + | 0.498 067 =] 0312 1.63 + | 0258
048 | 44 2.7 041 | 0.081 0.55 | 0.050 0.22 0.056 0.16 | 0.031
erte | 37LE | 151+ |58 & [324 %0632 292 = | 0.567 13 <0478 269 = | 0.436
037 | 4.4 2.7 0.39 | 0.063 0.59 | 0.057 0.3 0.086 027 | 0.052
o035 | 296+ | 114+ |56 +[ 272+ 0635 222 + | 0385 088 =+ | 0243 138 = | 0.239
030 | 44 2.7 033 | 0.064 045 | 0.039 0.30 0.044 0.14 | 0.029
08 171 = | 121 + | 5.0 = | 255 = | 0.543 2.16 = | 0.307 092 =+ 0.161 102 + | 0212
017 | 44 1.4 031 | 0.055 043 | 0.031 0.24 0.029 0.10 | 0.025
2407 196 = | 114+ ] 69 =273 ] 0.564 252 = | 0304 1.0 =019 117 = | 0.183
020 | 4.4 2.7 0.33 | 0.057 0.51 | 0.030 0.3 0.035 0.12 | 0.022
1315 367+ | 272+ |67 +| 458+ 1.15 442 = | 0.705 - 0.384 290 = | 0.611
037 | 44 2.7 0.56 | 0.12 0.89 | 0.071 0.069 029 | 0.073
0520 | 129 % | 138 %[ 35 =310+ 0422 55 + | 139 18 +]096 6.60 = | 0.99
0.13 | 44 1.4 037 | 0.042 1.1 0.14 0.5 0.17 0.66 | 0.12
o706y | 139 | 354+ | 10.0 & [ 595 & [ 129 56 +] 0905 1.6 =+ 0489 318 = | 0.465
0.14 |83 2.7 071 | 0.13 12 0.091 0.4 0.088 0.32 | 0.056
1002 200 £ | 151+ | 58 +] 325+ | 0.640 274 + | 0377 052 +]0210 123 = | 0.205
021 | 44 2.7 039 | 0.064 0.55 | 0.038 0.27 0.038 0.13 | 0.025
5605 217 = | 138+ | 55 = | 267 = 0.689 238 = | 0.335 13 =+ 0229 1.20 = | 0.248
022 | 44 2.7 032 | 0.069 048 | 0.034 0.4 0.041 0.12 | 0.030
210 166 = | 474 + | 146 = | 107 = | 2.19 92 + | 1.54 29 077 434 = | 0.620
017 |83 4.4 1.3 0.22 1.9 0.15 0.6 0.14 044 | 0.074
o020 | 130+ | 381+ [ 100+ [ 582+ 116 449 = | 0.890 22  + 056 327 < | 0.486
1.3 8.3 2.7 070 | 0.12 0.90 | 0.089 0.6 0.10 033 | 0.058
17 211+ | 106+ | 65 = | 280 = | 0.681 205 = | 0331 050 +]0.156 097 = | 0.156
021 | 44 2.7 034 | 0.068 041 | 0.033 0.20 0.028 0.10 | 0.019
508 223 = | 201 + | 6.7 = | 424 = | 0.749 378 | 0.615 12 £ 0269 252 = | 0470
022 |83 2.7 0.51 | 0.075 0.76 | 0.062 0.3 0.048 025 | 0.056
168 468 = | 366+ | 7.0 + | 538 + | 0.845 4.09 = | 0.681 15 =+ 0389 255 = | 0.404
047 |83 2.7 0.65 | 0.085 0.82 | 0.068 0.4 0.070 026 | 0.048
5337 258 = | 159 + | 46 =+ | 449 = | 0.565 3.82 + | 0.709 12 <] 0507 245 = | 0.569
026 | 44 1.4 0.54 | 0.057 0.77 | 0.071 0.3 0.091 025 | 0.068
226 193 = | 212+ | 47 = |3.40 = | 0.643 318 + | 0.545 12 =] 0322 2.03 = | 0310
019 |83 1.4 041 | 0.065 0.64 | 0.055 0.3 0.058 021 | 0.037
64 284+ | 272+ | 64 £ 393+ | 0647 312 + | 0.687 L2s03 | 0472 2.93 = | 0.490
028 |83 2.7 047 | 0.065 0.63 | 0.069 <1 0.085 0.30 | 0.059
215 512+ | 227+ |75 =] 442 +]099 414 = | 0.626 L4107 | 0381 2.16 = | 0.357
051 |83 2.7 053 | 0.10 0.83 | 0.063 AEVT10.069 022 | 0.043
205 330+ | 150+ | 5.1 +]|336+|0714 338 + | 0.688 - 0512 328 = | 0.486
033 | 44 2.7 040 | 0.072 0.68 | 0.069 0.092 0.33 | 0.058
360 | 337+ |94 +]| 647 | 1.39 60 =+ 1.08 0.539 338 = | 0.499
2504 037 |83 2.7 0.78 | 0.14 12 0.11 1820414 097 0.34 | 0.060
o040 | L79F | 180 & |44 £ 341 %059 320 + | 0513 - 0273 1.66 = | 0262
0.18 | 44 1.4 041 | 0.060 0.64 | 0.051 0.049 0.17 | 0.031
203 205+ | 133+ |52 =|3.09 ] 0741 245 = | 0.444 - 0.248 141 = | 0258
030 | 4.4 2.7 037 | 0.074 049 | 0.045 0.045 0.14 | 0.031
1009 401 = | 164+ | 63 =475+ 0716 276 + | 0.470 ] 0.247 129 = | 0.198
040 | 4.4 2.7 0.57 | 0.072 0.56 | 0.047 0.044 0.13 | 0.024
hel04 | 430 E | 175+ (59 £[392+ (0715 3.03 + | 0.623 L1xo04 | 0338 2.07 = | 0.326
043 | 44 2.7 047 | 0.072 0.61 | 0.062 0.064 021 | 0.039
5505 200+ | 237+ | 7.6 = | 418+ | 0914 411 = | 0.645 0.64 =+ | 0.286 1.61 = | 0240
021 |83 2.7 0.50 | 0.092 0.83 | 0.065 0.24 0.051 0.16 | 0.039

— 34 ——




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 3. 2018

Table 5 (continuation)
Sample | o Y Pr Sm Eu Gd Tb Ho Tm Yb Lu
number
216 £ | 16.0 £ | 6.6 + | 336 = | 0.737 + | 3.13 £ | 0.525 =+ 0.267 £ | 1.88 £ | 0.260 +
281912 0.22 4.4 2.7 0.40 0.074 0.63 0.053 1004 0.048 0.19 0.031
336 £ | 141 £ | 41 +|220=+| 0554 | 214+ 0459 + 0.354 + | 2.16 + | 0338 =+
282219 0.34 4.4 1.4 0.26 0.056 0.43 0.046 1.4=04 0.064 0.22 0.041
h74820 318 £ | 163 £ | 52 +| 267+ | 0615 £|241 +£| 0464 +| 085 + | 0281 £ | 162+ 0242 +
0.32 4.4 2.7 0.32 0.062 0.48 0.047 0.26 0.051 0.16 0.029
1409 753+ 192+ |80 £|394+]|0814 +|336+ 0553 +£|08 +£|0327 £|211+] 0326 +
0.75 4.4 2.7 0.47 0.082 0.67 0.056 0.20 0.059 0.21 0.039
57111 392+ | 159+ | 6.0 +|298 £ |0.692 + | 251 +| 0454 + 13403 0.296 + | 1.88 + | 0323 =+
0.39 4.4 2.7 0.36 0.069 0.50 0.046 ) "~ 10.053 0.19 0.039
415+ | 178+ |45 +| 288+ 0.631 +| 276+ | 059 =+ 0.418 + | 2.56 + | 0.410 =+
282923 0.42 4.4 1.4 0.35 0.063 0.55 0.060 1.6+04 0.075 0.26 0.049

La, Ce, and Nd contents of the uranium ore samples measured by two analytical techniques, as well as
their uranium contents measured by INAA ISM, are presented in Table 4. Experimentally evaluated
uranium to light lanthanide ratios and the values of count rate corrections of the corresponding
radionuclides are adduced too. Table 5 summarizes the results of other REE analysis by INAA and XRF.

REE contents of the uranium ore sample turned out to be very low — from one third (Sc, La, Gd) to
one (Pr) of their average crustal contents. Among the three lanthanides produced by uranium fission, U to
La ratios were the highest (up to 73) with the analytical line count rate corrections coming up to 95%. The
other ratios reached 24 for Ce and 55 for Nd with count rate corrections going to 86% and 93%,
correspondingly. '““Ho intensity corrections were also very high — from 82% to 95%. Moreover, in several
cases when U content of the samples exceeded 400 ppm Ho analysis was impossible and only the upper
limits were evaluated. Holmium determination in sample 4009 failed due to very high W content, about
0.095% by XRF.

The results of La, Ce, and Nd analysis by INAA and XRF were compared. Since the uranium ore
samples were not selected at random, a nonparametric method of mathematical statistics should be used.
The strict Mann-Whitney U-test for independent samples insensitive to variable distributions was
employed. All three calculated values of the standard normal variable (0.52 is the maximum, » = 35) did
not exceed its critical value 1.96 (P =0.95) for the two-tailed test, hence the analytical results by two
methods were admitted as statistically indistinguishable. Average values of La, Ce, and Nd contents of the
uranium ore samples measured by INAA and XRF differed by 1% to 3.5%, while the pair-wise
comparison showed discrepancy not more than 15%. Correlation between two assessments of light
lanthanide contents of the uranium ore samples is depicted in Figure 2.
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Figure 2 — Relationship between La (a), Ce (b), and Nd (c) contents of uranium ore samples by INAA and XRF
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The uncertainty of REE contents by XRF corresponds to the prescribed values for every percentage
interval according to the certified analytical technique and, as it was marked before, is independent of the
uranium content. Unlike this, gamma-ray analytical peaks being highly impeded by the spectral
interferences from the uranium fission products, INAA uncertainty sharply increases according to a
hyperbolic law with the uranium content, when two close values are subtracted to receive corrected count
rates. That is why uncertainty of these INAA results excites a special interest.

Main components of the uncertainty by INAA ISM were considered: Fe internal standard
determination by XRF (8% for Fe contents (0.5-1)%), the methodical uncertainty of the comparator model
(up to 10%), statistical uncertainties of Fe and other element counting, uncertainties of the contribution
coefficients F; evaluating. The full (enhanced) uncertainty was assessed according to the rules of error
summing for correlated and uncorrelated random numbers.

Thus the evaluated enhanced uncertainty of La determination in the uranium ore samples varied from
13% to 39%, Ce — from 13% to 17%, and Nd — from 14% to 40% (P = 0.95). The assessed limit of La, Ce,
and Nd quantitative determination by INAA (30% of uncertainty) corresponded to =~ (91-94)% correction
of the analytical line intensities, and the limit of semi-quantitative determination (50% of uncertainty)
corresponded to =~ (95-97)% correction. Since in the cases of high spectral corrections other sources of
uncertainties become insignificant, 90% and 95% corrections may be accepted as the limits of quantitative
(QL) and semi-quantitative (SQL) analysis. Larger correction gives only qualitative results (Figure 3).
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Figure 3 — Limits of Nd quantitative and semi-quantitative analysis
depending on count rate correction

In spite of the planar detector resolves the sum peak '“Ho and '**Xe up to the background, '**Ho
count rate to calculate holmium content of the uranium ore samples according to the expression above
turned out to be very sensitive to spectral treatment. Even a scrupulous approximation of the
corresponding spectra parts is carried out (Figure 4), the uncertainty of holmium analysis by INAA
evaluated in the same way varied from 21% to 55%. For more than a half from thirty five uranium ore
samples holmium analysis appeared as not a quantitative one due to very high uranium fission product
interference which is substantially higher than in case of light lanthanide determination. That is why
holmium contents of the samples can be considered on the whole as approximate and should be treated
together with the contents of other REEs only.

166Ho 133Xe 131] 133X e

Figure 4 — A part of gamma-ray spectra treatment to calculate
Ho content after 6 days (a) and 16 days (b) of decay, sample 3226
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As INAA of the uranium ore samples for the rare earths which are not encumbered by the uranium
fission products presented a standard procedure, it does not require a discussion.

Conclusion

Very low REE contents prevent from regarding the new sites under investigation of the Chu-Sarysu
uranium provinces as a source of accompanying rare-earth primary product. However, taking the study as
an example, the possibility and restrictions of REE analysis under the conditions of high U/REE ratios by
XRF and INAA were investigated. The modified RLP-21T makes possible express determination of light
lanthanides in the uranium ore samples with the acceptable accuracy but without any efforts which must
be exerted in case of INAA ISM application. Since a new alternative of high-sensitive determination of
light lanthanides in any rock samples by energy dispersive XRF appeared, it seems that INAA method
should be intended to analyze heavier REE which can be accessible to XRF only in concentrates.

Acknowledgements

The work was supported by a grant from Ministry of Education and Sciences of the Republic of
Kazakhstan (BR05236400).

REFERENCES

[1] Haque N, Hughes AE, Seng Lim K, et al (2014) Rare earth elements: overview of mining, mineralogy, uses,
sustainability and environmental impact, Resources, 3:614-635. DOI: 10.3390/resources3040614.

[2] IAEA-TECDOC-1629 (2009) World Distribution of Uranium Deposits (UDEPO) with Uranium Deposit Classification.
IAEA, Vienna. ISBN: 978-92-0-110509-7.

[3] Naymanbayev M, Lokhova N, Baltabekova Zh (2013) Classification of raw sources of rare-earth elements in
Kazakhstan, J Mater Sci Eng B, 5(3):326-330.

[4] Gorbatenko AA, Revina EI (2015) A review of instrumental methods for determination of rare earth elements, Inorg
Mater, 51:1375-1388. DOI: 10.1134/S0020168515140058.

[5] Zawisza B, Pytlakowska K, Feist B, et al (2011) Determination of rare earth elements by spectroscopic techniques: a
review, J Anal At Spectrom, 26:2373-2390. DOI: 10.1039/C1JA10140D.

[6] Wasim M (2013) Interferences in instrumental neutron activation analysis by threshold reactions and uranium fission for
miniature neutron source reactor, Radiochimica Acta, 9(101):601-606. DOI: 10.1524/ract.2013.2064.

[7] De Corte F, Van Lierde S (2001) Determination and evaluation of fission ko-factors for correction of the **U (n,f)
interference in ko-NAA, J Radional Nucl Chem, 1(248):97-101. DOI: 10.1023/A:1010634326208.

[8] Landsberger S (1989) Update of uranium fission interferences in neutron activation analysis, Chemical Geology
1(77):65-70. DOI: 10.1016/0009-2541(89)90016-8.

[9] Arbocco FF, Vermaereke P, Smits K, et al (2014) Experimental k, and ky-fission factors for the determination of the
n(**U)/n(***U) enrichment levels and correction for >°U fission interferences in samples containing uranium, J Radional Nucl
Chem, 1(302):721-735. DOI: 10.1007/s10967-014-3275-y.

[10] Ribeiro IS, Genezini FA, Salki M, et al (2013) Determination of uranium fission interference factors for INAA, J
Radional Nucl Chem, 2(296):759-762. DOI: 10.1007/s10967-012-2129-8.

[11] Tshiashala MDA (2005) Instrumental neutron activation analysis in geochemistry: Emphasis on spectral and uranium
fission products interference, J Radional Nucl Chem, 3(265):511-514. DOI: 10.1007/s10967-005-0857-8.

[12] Stopic A, Bennett JW (2017) Application of the k, method to uranium ore concentrates. 7" International ko-Users’
Workshop (Book of Abstracts), Montreal, Canada, 26.

[13] Wu W, Xu T, Hao Q, et al (2010) Applications of X-ray fluorescence analysis of rare earths in China, J Rare Earths, 28
Spec. Issue:30-35. DOI: 10.1016/S1002-0721(10)60353-5.

[14] Cevik U, Akbulut S, Makarovska Y, et al (2013) Polarized-beam high-energy EDXRF in geological samples,
Spectroscopy Letters, 46(1):36-46. DOI: 10.1080/00387010.2012.661015.

[15] Karivai A, Zuzaan P, Gustova V (2011) A method for the determination of some rare earth elements and their
correlation with thorium using X-ray fluorescence, Physics of Particles and Nuclei Letters, 6(8):576-580. DOI:
10.1134/S1547477111060112.

[16] Zuzaan P, Gansukh N, Bolortuya D (2010) Radionuclide induced energy dispersive X-ray fluorescence for the
determination of La, Ce, Pr and Nd and their content sums in the rare-earth ores, X-ray Spectrometry, 1(39):52-56. DOI:
10.1002/xrs.1221.

[17] Zinin DS, Bushuev NN, Kuznetsov VV (2017) X-ray fluorescence determination of La, Ce, Pr, Nd, and Sm in industrial
sediments of calcium sulfate using linear regression analysis, J Anal Chem, 3(72):279-288. DOI: 10.1134/S1061934817030157.

[18] Suvorova D, Khudonogova E, Revenko (2017) A X-ray fluorescence determination of Cs, Ba, La, Ce, Nd, and Ta
concentrations in rocks of various composition, X-ray Spectrometry, 3(46):200-208. DOI: 10.1002/xrs.2747.

[19] Orescanin V, Mikelic L, Roje V, et al (2006) Determination of lanthanides by source excited energy dispersive X-ray
fluorescence (EDXRF) method after preconcentration, Anal Chim Acta, 2(570):277-282. DOI: 10.1016/j.aca.2006.04.028.

[20] Silachyov I (2016) Rare earths analysis of rock samples by instrumental neutron activation analysis, internal standard
method, J Radional Nucl Chem, 2(310):573-582. DOI: 10.1007/s10967-016-4903-5.

[21] Silachyov I (2017) Phosphate raw material and its processing products analysis for rare earths by comparator INAA
using reactor WWR-K, News NAS RK [Izvestiya NAN RK], ser. chem. & techn., 6(426):103-114 (In Russian).




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

VIK 543.621, MPHTU 31.19.15

M. 10. Cunaués
PI'TI «MuCTHTYT sinepHO# (usukm», Anmatsl, Kazaxcran

AHAJIM3 PEJIKO3EMEJIBHBIX METAJIJIOB B YPAHOBOM CBIPBE
HEUTPOHHO-AKTUBAIIMOHHBIM U PEHTTEHO®JTYOPECIEHTHBIM METOJIAMHA

Annoranusi. OIHUM U3 TIPUOPUTETHHIX HamnpaBlieHHHd SkoHoMukn PecrnyOnmkm Kaszaxcran B XXI Beke
SIBIIICTCSI Pa3BUTHE PEIKO3EMENbHON OTPACIM LBETHOM METalIypruu. BbICOKMM cofepaxaHueM peaKo3eMeNbHbIX
MetauioB (P3M) xapakrepusyroTcs HEKOTOpble ypaHOBbie MectopoxkaeHuss PK. s ompenenenuss P3Mos B
MHUHEPAJIbHOM CBIpbe HamboJiee MOJXOIIT HEeIeCTPYKTHBHBIE METOJbl — WHCTPYMEHTAIBHBII HEHTPOHHO-aKTHBA-
nuonHbt (MHAA) n pertreHoduryopecueHTHbii (PDA) MeTons! aHamu3a. HeWTpoHHO-aKTHBAITMOHHOE OTIpeieie-
Hue pssaa P3MoB B ypaHOBOM pyJe CYIIECTBEHHO 3aTPyAHEHO MPOAYKTAMH JIEICHUS ypaHa, 00pa3yIoUIiMMHA MPsIMBIe
(La, Ce u Nd) u cnekrpanpHble MHTEepepeHnnn. AHamu3 P3MoB B reojormueckux obOpasmax merogoM POA
00BIYHO 00JTaZiaeT HEJAOCTATOYHON YyBCTBUTEIHHOCTHIO M OTPaHNYEH B OCHOBHOM JIETKUMH JIAHTAaHOUIaMHU.

B nmanHo#t pabote Ha nmpumepe oOpas3moB pyasl Lly-Capricyiickol ypaHOBOPYAHOW NMPOBUHIIMH PAacCMOTPEHA
Bo3MOXkHOCTh MeTona MHAA mist onpeznesnenust P3MoB B yClIOBUSIX 3HAUUTENbHBIX MHTEP(EPEHIHH, BbI3BAHHBIX
BBICOKMM COJIep)KaHHeM ypaHa. PeHTreHo(1yopecleHTHbI aHaJIM3 JIETKUX JIAHTAHOMJOB BBHIIIOJIHEH Ha YpPOBHE
KJIAPKOBBIX COJIEPKaHUH C TIOMOILBI0 MOAN(DHUIMPOBAHHOTO 3Heproaucnepcronnoro crnekrpomerpa PJII-21T mo K-
CepUM MX XapaKTEPHCTHYECKOTO PEHTIeHOBCKOro manmydeHus. CpaBHenue conepkanus La, Ce u Nd B oOpasmax
ypaHoBo# pyasl Merogamu POA u MHAA c ucnons3oBanueM kputepuss MaHHa-YUTHU NOKa3ano, 4To pasindue B
pe3ysbTarax CTaTUCTHYECKH He3HaunMo. Ha ocHoBaHuM aHanmu3a OlojpKeTa HEOINPEIEJICHHOCTH OLCHEHa MaKCH-
MaJbHasl BEJIMYMHA KOPPEKIUH CKOPOCTH CYeTa aHAUTHICCKHUX JIMHHUHA, COOTBETCTBYIOMIAS TPENETy KOJIMYECTBEH-
HOTO U ToykonudecTBeHHOro omnpeneneHus La, Ce u Nd metonom MHAA. Cuenas BRIBOZ O TIPEAIIOYTUTEEHOCTH
Merona POA nis 3KCpeccHOro aHainu3a JIETKUX JIJAHTAHOUJOB B TOPHBIX IOPOJIaX.

KaioueBble cji0Ba: HEHTPOHHO-AKTUBALIMOHHBIN aHAIHM3, PEHTTEHO(IIYOPECIEHTHBII aHAIIU3, PEIKO3eMEIbHbIE
METaJUIbI, ypaHoBas pya

HN.10. Cunaués
«SAnponsik pusuka uacTuTYTHDY PMK, Anmarter, Kasakcran

HENTPOH-AKTUBALIASJIBIK )KOHE PEHTTEH®JIYOPECHEHTTIK 9ICTEPI APKbLIbI
YPAHABIK HIUKIZATTAFBI 2)KEPJE CUPEK KE3JIECETIH METAJIJIAPJIbI TAJIJIAY

Annoranusi. XXI raceiparsl Kazakcran PecriyOnukachl SJKOHOMHKACHIHBIH OachbiM OarbITTapbIHbIH Oipi TyCTi
METaJLUTYPrHsSHBIH KepJlle CUPEK KE3JECeTIH calachlH AaMbITy OoJbin Tadbutanel. KP keiOip ypaH keH OpbHIaphl
xepae cupek kesaeceTin MetanaapabiH (JKCM) xorapsl KypaMbIMEH cHIlaTTanaasl. MunepamablK mukizarta JKCM-
JIbIH OOJIyBIH aHBIKTAy YLIIH AEKYPBUIBIMIBIK €MeC 9JiCTep — achanThlK HeWTpoH-akTuBauusuiblk (AHAT) sxone
pertrerdayopectentti Tanay (POT) omicrepi eH Komaiinel 6oibn caHamaabl. YpaH KeHingeri oipkarap JKCM-apt
HEWTPOH-aKTHBAIMSUIBIK aHbIKTay Tike (La, Ce xoHe Nd) skoHe cnekTpiik nHTepdepeHumsap Ty3uieTin ypan Oemy
OHIMIIEpIMEH aWTapibIKTall KUBIHABIK TyObIpansl. [eonorussik yrurinepaeri JKCM-aer POT omici apkeuisl Tanmay
OIETTE CE3TIMITIT1 KETKIIKCI3 XKoHEe HeTi3iHeH JKeHIT JIAHTAaHOUITEpMEH IIeKTeIe Il

Ocwl xympicTa mmranraii sxkatkan Llly-Cappicy ypaH KeHI KeHIepi YITUIepi peTiHAE YpaHHBIH >KOFaphl
MeJIIepiMeH TybIHIAFaH eneyni uHTepdepeHuusap sxaraaibiana JKCM-gabl asnbikray ymin AHAT omicinig
MYMKIHIITT KapacTelpputraH. JKeHiT JaHTaHOWATEPAlI PEHTIeH(IYyOpEeCIeHTTI Tajjay OJapAblH CHIATTaMalIbIK
pertresaik coyneneHyiniH K-tommacer Ooifipiamra PJIII-21T momudukanusnanraH 5SHEPrUsl IUCIEPCHSIIBIK
CHEKTPOMETpPI KOMETiIMEeH KIApKThIK Kypambl JCHTediHIe OpbIHAaNIbl. MaHHa-YUTHH KpUTEpHHiH NaijanaHa
oteipbinl, POT xone AHAT omicrepimen ypan keni yiarinepingeri La, Ce sxone Nd memepiH cajibICThIpy
HOTHOKENEpJIeri allbIpMallbUIbIK CTATHCTHKAIBIK TYPFbIIaH OOJallibl eKeHIH KepceTTi. benriciznik OroukeTiH Tannay
Herizinne AHAT opuici apkpuibsl La, Ce sxone Nd caHIpbIK jkoHE KapThlIail CaHABIK aHBIKTay ILETiHE CoOlKec aHaINTH-
KaJIbIK CBI3BIKTApbl CaHay XbUIIAMIBIFBIH TY3ETYAIH MaKCUMaIIZbl MoHI Oarananipl. Tay >KbIHBICTAPBIHAAFBI JKEHLT
JaHTaHouATepi xkenen tangayna POT oniciHiH apTHIKIIBUIBIFBI )KOHIH/IE KOPBITHIHIBI XKacaJIIbL.

Tyilin ce3mep: HEWTPOH-aKTUBAIUIBIK Talnay, PEHTIeH(IyOpPECIEHTTI Tanjay, >Keple CHpeK Ke3leCeTiH
MeTalaap, ypaH KeHi.
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NEW NANO-SIZED (NANOCLUSTER) COBALT- CUPRATE -
MANGANITES OF LANTHANE AND ALKALINE METALS
AND THEIR X-RAY DIFFRACTION STUDY

Abstract. The search for new combined manganese, copper and cobalt-containing nanomaterials and the study
of their properties is quite interesting for inorganic materials science, especially for microelectronics. Interest in such
compounds is due to the polyfunctionality of the demonstrated properties and the flexibility of the composition,
allowing many elements of the periodic system to be adopted.

Cobalt-cuprate-manganites of the composition LaMe',CoCuMnO, (Me' — Li, Na, K) were synthesized by
ceramic technology of lanthanum oxide (III), cobalt oxide(Il), copper oxide (II), carbonates of manganese (III),
lithium, sodium and potassium in the interval 800-1200 °C. After every 100 ° C, the formulations were cooled,
rubbed and reheated. To obtain equilibrium phases at low temperatures, low-temperature annealing was carried out at
400 °© C for 10 hours. Their nanoscale (nanoclusters) particles were obtained by grinding on a vibrational mill from
Retsch (Germany) of the brand "MM301". The dimensions were determined on an electronic microscope JSPM-5400
Scanning Probe Microscope "JEOL" (Japan). Prepared nanoparticles (nanoclusters) compounds of the size of 40-90
nm. X-ray phase analysis of new compounds was carried out on a DRON-2.0 unit. The analytical method of X-ray
indications is established that the synthesized nanoscale new phases crystallize in cubic syngony with the following
lattice parameters: LaLi,CoCuMnOy — a=11,33+0,02 A; V’=2563,20+0,06A%; Z=4; V', .=640,80£0,02A°; px 0y =
4,0 g/em’; LaNa,CoCuMnOg — a=14,43+0,02 A; V’=3005,5+0,07A% Z=4; V°  can =751,38+0,024°; px_ray. = 3,86 g/
cm’; LaK,CoCuMnOj — a=14,90+0,02 A; V°=3306,90+£0,06 A%; Z=4; V° j cn =826,52+0,02A%; px 1oy = 3,68 g/ cm’.
Based on X-ray phase analysis, it can be assumed that the nanoscale cobalt-cuprate-manganites obtained are related
to the space group Pm3m.

Key words: cobalt, cuprate, manganite, lanthanum, alkali metals, synthesis, nanoparticles, radiography.

Introduction. Cuprates, manganites, cobaltites, nickelites of rare-earth elements doped with light
oxides of alkali and alkaline-earth metals have unique physical and physicochemical properties, both
superconducting and semiconductor, and are also of interest as materials having giant (colossal)
magnetoresistance, dielectric permittivity values. It is very important for microelectronics as substances
with high operative memory [1-16].

In Zh. Abishev Chemical-Metallurgical Institute for a number of years conducted purposeful research
on the synthesis and study of the physicochemical properties of double and triple manganites, chromites,
ferrites, zincate-manganites, the results of which are generalized in monographs [17, 18].

Of definite scientific and practical interest is the preparation of perovskite-like compounds, where
cobaltites, cuprates and manganites are represented as a single phase, like cobalt-cuprate-manganites.

For this purpose, in this work presents the results of the synthesis and study of new radiographic
nanoscale (nanocluster) cobalt-cuprate-manganite composition LaMe',CoCuMnOyg, where Me' - Li, Na, K.

Methods. Ceramic processing technology, X-ray phase analysis, electron microscopy.
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Results of the research. The initial reagents for the synthesis were La,0; (extra-pure grade), Li,COs,
Na,CO;, K,CO;3, CoO, CuO, Mn,0; of qualifications " Analytical grade ". Solid-phase synthesis was
carried out by reacting the above substances at 800-1200° C for 20 hours with intermittent cooling and
grinding of the mixtures through 100 ° C. Low-temperature annealing of the mixtures was carried out at
400° C for 10 hours.

Nanosized particles of synthesized cobalt-cuprate-manganites were obtained by grinding on the
vibratory mill of Retsch (Germany), brand MM301. The sizes of the crushed particles were established on
an electronic microscope JSPM-5400 Scanning Probe Microscope "JEOL" (Japan). Nanoparticles
(nanoclusters) from 40 to 90 nm were obtained. Below at the figure, their electron microscopic images are
shown.
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Figure — Electron microscopy LaLi,CoCuMnOg (a), LaNa,CoCuMnQg (b), LaK,CoCuMnOg (c)

X-ray diffraction study of nanophases was carried out on a DRON 2.0. Conditions of shooting: CuK-
radiation., Ni filter, U = 30 kV, I = 10 mA, counter rotation speed 2 rpm, scale range 1000 pulses per
second, time constant, =5 seconds, angular interval 2[J from 10 up to 90 degrees. The intensity of the
diffraction maxima was estimated from a one-hundred-point scale. The X-ray diffraction patterns of the
compounds were determined by the analytical method [19].

Below in Table shows the of the results of the X-ray diffraction of synthesized compounds.

Satisfactory agreement of 10* / dzexp. and 10* / d%... shows the correction of the results of the
indication. The imposition of X-ray radiographs indications shows that all synthesized nanoscale
(nanocluster) cobalt-cuprate-manganites crystallize in a cubic system with the following lattice
parameters: LaLi,CoCuMnO, — a=11,3320,02 A; V°=2563,20+0,06A%; Z=4; V', .=640,80+0,02A°; px.
ny. = 4,0 g/em’; LaNa,CoCuMnOg — a=14,43+0,02 A; V°=3005,5£0,07A°; Z=4; V° can =751,38+0,02A°;
Pxray. = 3,86 g/ cm’; LaK,CoCuMnOs — a=14,90+0,02 A; V°=3306,90+0,06 A’; Z=4; V° 4.
=826,52+0,02A°; Pxray. = 3,68 g/ cm’. Based on X-ray phase analysis, it can be assumed that the
compounds belong to the space group Pm3m.

By analogy [20, 21] it can be assumed that the ions La +, Li +, Na +, K + are in the centers of the unit
cells and have coordination numbers (c.n.) in oxygen equal to 12, and at the nodes of the unit cells there
are ions Co> ", Cu”>“and Mn’ *, which c.n. is 6 in oxygen.

In connection with the increase in ionic radii in Li" — Na" — K", an increase in the "a" parameter, the
volume of crystal lattices, and elementary cells is also observed.

— 4) ——
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Table - Indication of X-ray patterns of cobalt-cuprate-manganites

hkl 10%d calc.
1/1° d, A 10%/d* exp.
LaLi,CoCuMnQOg
9 4,691 4544 410 4544
26 3,891 660,5 500 668,2
5 2,866 1217 631 1230
100 2,742 1330 550 1337
11 2,521 1573 553 1577
18 2,442 1677 651 1657
12 2,320 1858 653 1871
22 2,245 1984 831 1978
7 2,209 2049 832 2058
4 2,024 2441 931 2432
42 1,939 2660 10.0.0 2673
8 1,741 3299 775 3288
8 1,728 3349 10.5.0 3341
32 1,584 3985 10.7.0 3983
16 1,568 4067 12.2.2 4063
9 1,427 4911 12.6.2 4918
11 1,374 5297 14.1.1 5292
11 1,364 5375 14.2.1 5373
12 1,224 6675 10.10.7 6656
LaNa,CoCuMnQOgq
24 5,569 3224 320 322,4
7 4,490 496,0 420 496,0
19 3,862 670,5 511 669,6
100 2,736 1335 552 1339
14 2,315 1866 751 1860
17 2,236 2000 900 2009
51 1,932 2679 10.2.2 2678
8 1,876 2841 953 2852
5 1,846 2934 10.3.3 2916
5 1,715 3400 11.4.0 3398
36 1,581 4000 12.4.1 3993
14 1,565 4083 10.8.1 4092
3 1,501 4438 13.3.1 4439
15 1,373 5305 143.3 5307
11 1,360 5406 13.7.0 5406
12 1,264 6675 16.3.2 6671
12 1,217 6752 16.4.0 6746
LaK,CoCuMnOQOygq
21 3,868 668,4 520 668,4
7 3,097 1042 630 1037
6 2,867 1216 641 1222
100 2,736 1336 730 1337
16 2,527 1566 644 1567
9 2,442 1677 830 1683
14 2,320 1858 900 1867
16 2,240 1993 921 1982
5 2,130 2204 844 2213
36 1,932 2679 10.4.0 2674
6 1,873 2850 11.1.1 2835
8 1,728 3349 980 3342
27 1,580 4006 13.2.1 4010
11 1,569 4062 12.4.4 4057
11 1,373 5305 15.2.1 5301
7 1,358 5422 15.3.1 5416
8 1,229 6620 16.4.4 6638
12 1,222 6697 17.1.1 6707
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Conclusion. Thus, cobalt-cuprate-manganites of the composition LaMe',CoCuMnO, (Me' — Li, Na,
K) were synthesized for the first time. Their nanoscale (nanocluster) particles were obtained. The type of
their syngony and the parameters of the lattices were determined by X-ray diffraction.

The work was carried out in accordance with the agreement concluded between the Ministry of
Education and Science of the Republic of Kazakhstan and Zh .Abishev Chemical-Metallurgical Institute
under the grant of IRN AR05131317.
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HI.B. Kaceﬂonal, B.K. Kacenonl, K.HN. Can,mTaeBal, M.O. TypTyﬁaeBaz, E.E. Kyam,lmﬁelconl

1 .
JK.O0imieB aTbiHIaFb XUMHS-METALTyprusi HHCTUTYThI, Kaparanmpl, Kasakcran;
2 ~ . .
C.TopaiirbipoB aTeiHnarsl [1aBnonap memnexertik yuusepeuteri, [laBnonap, Kazakcran

JIAHTAH KOHE CUITIJII METAJLJAPJBIH )KAHA HAHOOJIIHEM/JI (HAHOKJIACTEPJIIK) KOBAJIbT-
KYTIPAT-MAHI'AHUTTEPI )KOHE OJIAPJIbI PEHTTEHOI'PA®UAJIBIK TYPFBIJAH 3EPTTEY

AnHoTtanus. XXaHa KocapiackaH Maprasel], MbIC )aHe KOOabTKypam Il HAHOMaTepHaapra i3eHiC KoHe OJapAbIH
KAacHUeTTepiHe 3epTTeyJiep JKyprizy OeHOopraHuKajiblK MaTepHajlllaHyla, ocipece MHKPOIJICKTPOHHMKA YIIiH ejeyi
KBI3BIFYIBUIBIK TYIBIPAJIBL.

OcblHAall KOCBUIBICTApFa KbBI3BIFYLIBUIBIK OJApIBIH OepiireH KacHeTTepiHiH NOMM(yHKIHMOHAIIBUIBIFEIMEH >KOHE
KypaMJIapbIHbIH IE€PUOATHIK XKYHEHIH KelTereH 31eMEeHTEePiH KaObligay UKeMIUIIriMeH OallIaHbICThI.

Kepamukanbik texnonorusmen nantad (I11), ko6anet(Il), mbic (II), mapraner (III) TOThIKTaphl MEH JIMTHIA, HATPHIA
skoHe Kanmit kapbonarrapsHaH 800-1200 °C apambikTa LaMe',CoCuMnOgq (Mel — Li, Na, K) kypamasl koO6anbT-Kymnpar-
MaHTaHUTTEPi CUHTE3/ICIIHII aJIbIHIBI.

— 4y ——
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Op6ip 100 °C caiiblH Kypamaap CybITBUIBIIN, apalaCTBIPHIIBII JKOHE KaWTa KbI3ABIPBUIIBI. TeMeH TeMiepaTypasia
tene-TeH (asanap any yuil 10 carat 6okibl 400 °C-Ta TOMEH TeMIepaTypaliblK KbI3bIPY KYPri3ii.

Retsch (I'epmanust) xomnanusicelHblH «MM301» Mmapkanbl BUOpalUsIbIK AUIPMEHIHJE YIITY KOJIBIMEH OJIapAbIH
HaHoeJmeMIi (HaHOKJIacTepik) Oemmiekrepi anmbiHabl, «JSPM-5400» Scanning Probe Microscope «JEOL» (Snonwust)
3JIEKTPOHJIBIK MUKPOCKOIIBIH/A OJIap/IblH OJIIIeMIep] aHBIKT A IbI.

Kocsutbictapapin emnmemi 40-90 HM 60J1aThiH HAHOOOMIIEKTPI (HAHOKIIACTEP1) AJIBIH/IBI.

Xana xocsuiblcTapra peHTreHodaszansk tangay JPOH-2,0 nudpaxroMerpinie xacanabl. PeHTreHOrpamMmanapbiH
AQHAJIUTHKAIBIK OJICIIeH WHIWLUpJIey OapbIChIHIA CHHTE3JEINIHIN AJBIHFAaH HAHOONIIeMAI jkaHa (a3amapAblH TOp
KOPCEeTKilTepi Kenecifedl KyOThIK CHHTOHMANA KPHUCTalJaHATHIHBI aHbIKTamgsl: LaLi,CoCuMnO, — a=11,33+£0,02 A;
V’=2563,20+0,06A°; Z=4; V',,,,=640,80£0,02A% p.. = 4,0 r/em’; LaNa,CoCuMnOg — a=14,43£0,02 A;
V’=3005,5+0,07A%  Z=4; V°,,,,=751,38£0,02A°; p,.. = 3,86 r/em’; LaK,CoCuMnO, — a=14,90+0,02 A;
V’=3306,90+0,06A%; Z=4; V°,,,,=826,52+0,02A°; pper. = 3,68 T/cM’. Pentrenodasanbik Tammay Heri3inie anbIHFAH
HAHO®JIIEMi KOOAIbT-KypaT-MaHTaHUTTEPAIH Pm3m KEHICTIKTIK TOIKA aTaThIHBIH OOoJKayFa O0osabl.

Tyiiin ce3aep: K0OANbT, KyNpaT, MAHTAHWT, JJAHTAH, CUITLTI METaJI, CHHTE3, HAaHOOOJIIIIEKTEep, peHTreHOrpadus.

III.B. KacenoBa', B.K. Kacenos', JK.M. Caruntaesa’, M.O. TypTyﬁaeBaz, E.E. Kyanblmﬁelcosl

' Xumuko-MeTastyprideckuii mHCTHTYT nM. JK.AGuiesa, Kaparana, Kasaxcran
2 o . .
IMTaBnogapckuit rocynapcrBennslit yausepcuret uM. C.Topaiireiposa, [TaBnonap, Kazaxcran

HOBBIE HAHOPA3MEPHBIE (HAHOKJIACTEPHBIE) KOBAJIBTO-KYIIPATO-MAHI'AHUTBI IAHTAHA
N IIEJOYHBIX METAJIJIOB 1 UX PEHTTEHOTPA®HUYECKOE UCCJIIEJJOBAHUE

AnHoTanus. [Tonck HOBBIX COBMEIIEHHBIX MapraHel, Me/ib 1 KOOAIbTCOIeP)KAINX HAHOMATEPHAIOB U N3yUEeHHE UX
CBOMCTB IPEJCTaBIACT OLpPEACNCHHbIH MHTEpEC Il HEOPraHMYECKOro MaTepHaloOBEJEHUs, OCOOEHHO Ul
MHKPOAJICKTPOHUKH. VHTEpec K MOAOOHBIM COETUHEHHSM OOYCIOBIEH MOMN(YHKIMOHATIBHOCTBIO AEMOHCTPUPYEMBIX
CBOMCTB U TUOKOCTBIO COCTaBa, IO3BOJIOIIMM IpPUHMMATh MHOTHE OJJIEMEHThl mnepuoauueckoil cucremsl. Ilo
KepaMuieckoi texHosoruu u3 okcuaoB saHtana (III), kobamsra (II), menu (II), mapranna (III) u xkapOoHATOB JNUTHS,
Hatpust ¥ Kanus B uHTepBane 800-1200 °C cuHTE3UpOBaHbI KOOAIBTO-KYIPATO-MAHTAHUTBI COCTaBa |LaMeIZC0CuMn06
(Me' — Li, Na, K). Uepes kaxzsie 100 °C coCTaBbI OXTaXIaHCh, MEPETHPAIICH H 3aHOBO HATPEBAIUCH. [l MOTydeH s
pPaBHOBECHBIX (pa3 MpU HU3KUX TeMIepaTypax MPOBOAWIM HU3KoTemreparypHbiii orxur mpu 400 °C B Teuenue 10 gacos.
W3menbyeHneM wux Ha BHOpaiioHHOW MenbHHIe Kommnanuu Retsch (Iepmanusi) mapku «MM301» momyuwim ux
HaHOpa3MepHble (HAHOKIACTEPHBIE) YACTULIbI, pa3Mepbl KOTOPBIX ONpPENEIEHbl Ha 3IEKTPOHHOM Mukpockone JSPM-5400
Scanning Probe Microscope «JEOL» (SImonus). [Tony4eHsl HaHOUaCTUIBI (HAHOKJIACTEPBI) COeTUHEHUI pa3mepom 40-90
HM. PentreHodasoBblif aHalu3 HOBBIX COeAMHEHUH npoBogunu Ha ycraHoBke JIPOH-2,0. AHamuTHYECKMM METOIOM
MHIULIUPOBAHHS PEHTTCHOTPAaMM YCTAHOBJICHO, YTO CHHTE3MPOBaHHBIC HAHOPAa3MEpHBIE HOBBIE (ha3bl KPUCTAIM3YIOTCS B
KyOuueckoll CHHIOHMM CO  CNleAylOIMMH napamerpamu  pemerku: LaLi,CoCuMnOg — a=11,33+0,02 A;
V’=2563,20+0,06A°; Z=4; V',,,,=640,80£0,02A% p.. = 4,0 rem’; LaNa,CoCuMnOg — a=14,43£0,02 A;
V’=3005,5£0,07A%  Z=4; V°,,,.=751,38+0,02A%; p. = 3,86 r/em’; LaK,CoCuMnO, — a=14,90+0,02 A;
V’=3306,90+0,06A%; Z=4; V°,,,.=826,52+0,02A%; p,e.r. = 3,68 T/cM’. Ha ocHOBaHHH peHTreHo(ha3OBOro aHalM3a MOKHO
HPEIIOI0KHTh, YTO IONydYeHHbIE HaHOpa3MepHbIe KOOaIbTO-KyNpaTO-MAaHTaHUTBl OTHOCATCS K HPOCTPAHCTBEHHOM
rpynne Pm3m.

KaroueBnle cioBa: Kko0anbT, KympaT, MAaHTAHHUT, JIAHTaH, IIEJIOYHBIC METAUIBl, CHHTE3, HAHOYACTHIHI,
peHTtrenorpadusi.
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SYNTHESIS AND X-RAY OF NEW NANOSIZED (NANOCLUSTER)
NICKELITE-CUPRATE-MANGANITES OF LANTHANUM
AND ALKALINE METALS

Abstract: The main tendency in the development of microelectronics is miniaturization and increase in the
speed of various devices. For storage devices, such as dynamic and static RAM, based on capacitive components
(capacitors), this means that as the size of the capacitor decreases, its capacitance must remain the same [1].

The cuprates of REE are actively studied primarily as objects of high-temperature superconductivity (HTSC)
compounds, cathode materials and catalysts. Lanthanum nickelites are promising materials as fuel cell cathodes.

The problems of synthesis and X-ray analysis of new nano-sized nickelite-cuprate-manganites of the
composition LaMe,'NiCuMnOg where (Me'-Li, Na, K) are considered for the first time in this paper.

The nickelite-cuprate-manganites of the composition LaMe,'NiCuMnO, (Me — Li, Na, K) are synthesized by
solid-phase interaction in the range 800-1200 ° C from the oxides of lanthanum (III), nickel (II), copper (II),
manganese (III) and lithium, sodium and potassium carbonates. Their nanoscale (nanoclusters) particles were
obtained by grinding them on a vibratory mill "MM301" from Retsch (Germany). On the electron microscope
"JSPM-5400" Scanning Probe Microscope "JEOL" (Japan) their sizes are determined. By X-ray diffraction analysis
of compounds on the DRON-2.0 diffractometer and the indication of their X-ray diffraction patterns, analytical
methods were used to determine the types of syngony and the parameters of the grids of the synthesized new phases:
LaLi,NiCuMnOg (cub.) — a=13,83+0,02 A, 1°=2644,16+0,06 A°, Z=4, V°,;..;=661,04+0,02 A®, px .,=4,03 g/cm’;
LaNa,NiCuMnOs (cub.) — a=14,19+0,02 A, 1°=2859,4240,06 A°, Z=4, V° ,;.a=714,8610,01 A°, px ,y=3,38 g/em’;
LaK,NiCuMnOs (cub) — a=15,17+0,02 A, V°=3492,040,06 A*, Z=4, V° ,;.=873,0£0,01 A’, px 1,=3,70 g/cm’.

Key words: nickelite, cuprate, manganite, lanthanum, alkaline metals.

Complex oxides of transition 3d- and 4f-elements with a perovskite structure closely related, e.g.
manganites, nickelites, nickelates and cuprates of rare-earth elements doped with oxides of alkaline and
alkaline-earth metals, due to the presence of excellent physico-chemical properties, like large values of
electrical conductivity, dielectric permittivity , semiconductor conductivity, magnetic and superconducting
properties [1-16].

In the laboratory of thermochemical processes of the Zh. Abishev Chemical-Metallurgical Institute
conducted systematic studies on the synthesis and study of crystal-chemical, thermodynamic and
electrophysical properties of manganites, chromites and ferrites doped with oxides of alkali and alkaline-
earth metals. Based on the results of the research, numerous articles have been published in peer-reviewed
journals with nonzero impact factors, a number of security documents have been obtained and the main
results have been summarized in the following papers [17, 18].

In our opinion, for the inorganic materials science, chemistry and technology of polyfunctional
compounds, it is of certain importance to obtain nickelites, cuprates and manganites in one complex, as
nickelite-cuprate-manganites.

—— Y4 ——
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To solve this problem, we present here the results of the synthesis and X-ray analysis of new nano-
sized nickelite-cuprate-manganites of the composition LaMe,' NiCuMnO, where Me'-Li, Na, K).

For the synthesis of the compounds have been used lanthanum (III), mark "high purity", nickel oxide
(IIT), copper oxide (II), manganese oxide (III), lithium, sodium and potassium carbonates of mark
"analytical grade". Their stoichiometric amounts in recalculation on the formula units of the obtained
nickelite-cuprate-manganites, which were thoroughly mixed and ground. The mixture was annealed at 400
° C for 10 hours to obtain stable at low-temperature modifications.

Nano-sized (nanoclusters) particles of synthesized nickelite-cuprate-manganites were obtained by
grinding polycrystalline samples on a vibratory mill "MM301" from Retsch (Germany). The dimensions
of the nanoclusters are determined using the "JSPM-5400" Scanning Probe Microscope "JEOL" electron
microscope (Japan). Nanoparticles, nanoclusters with dimensions from 50 to 150 nm were obtained. The
electron microscopic images of the connections are shown below.

Figure — Electron microscopy LaLi,NiCuMnOgs (a),
LaNa,NiCuMnOg (b), LaK,NiCuMnOs (¢)

X-ray analysis was performed on samples of nanoscale DRON 2.0. The intensity of the diffraction
maxima was estimated from a 100-point scale. The X-ray diffraction of new nanosized compounds was
carried out by an analytical method [19].

The table shows the results of the indication of the new phases obtained.

Table - Indication of the X-ray radiographs of nickelite-cuprate-manganites

/1° d, A 10%d? oo hkl 105 e,
1 2 3 4 5
LaLi,NiCuMnOs
20 4,777 4382 400 438.0
28 3,862 670,5 500 684,7
100 2,721 1351 700 1342
14 2,522 1572 722 1561
11 2,431 1692 651 1628
11 2,321 1856 820 1862
21 2,235 2002 830 1999
20 2211 2046 751 2054
19 2,071 2332 920 2328
33 1,932 2679 853 2684
20 1,911 2738 10.0.0 2739
10 1,720 3380 11.1.1 3369
27 1,580 4006 11.5.0 3999
25 1,565 4083 10.7.0 4081
11 1,465 4659 13.1.0 4656
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Table continuation
1 2 3 5 6
7 1,422 4945 10.9.0 4957
9 1,371 5320 13.5.0 5313
10 1,220 6719 15.4.2 6710
8 1,210 6830 10.10.7 6819
LaNa,NiCuMnQOg
21 3,862 670,5 510 670,0
5 3,599 772,0 521 773,7
6 3,458 836,3 440 8252
5 3,061 1067 621 1057
100 2,735 1337 640 1341
10 2,520 1575 650 1573
14 2,4310 1692 811 1702
11 2,324 1851 660 1857
7 2,201 2064 840 2063
10 2,102 2263 664 2269
47 1,9300 2685 862 2682
4 1,8550 2906 870 2914
8 1,736 3318 881 3327
9 1,718 3388 11.3.1 3378
36 1,582 3996 975 3997
LaK,NiCuMnOg
14 3,865 669.4 520 669,0
100 2,742 1330 730 1339
15 2,526 1567 644 1570
12 2,420 1708 750 1708
13 2,329 1844 840 1847
18 2,240 1993 655 1985
15 2,094 2281 755 2285
35 1,935 2671 10.4.0 2678
4 1,858 2897 10.5.1 2908
5 1,730 3341 12.1.0 3347
28 1,582 3996 12.5.2 3993
9 1,479 4572 13.5.2 4570
4 1,263 6269 16.4.0 6279
10 1,224 6675 17.0.0 6671
4 1.210 6830 16.6.2 6832

Satisfactory agreement between experimental and calculated values of 10*/d* confirms the correctness
of the indexing results (table). Based on the indication of the X-ray patterns of the new nanoscale
(nanocluster) phases established that they crystallize in a cubic system with the following lattice
parameters: LalLi,NiCuMnQOg (cub.) — ¢=13,83+0,02 A, 7°=2644,16+0,06 A3, Z=4, V° 1 cet=661,0410,02
A, pxay=4,03 g/em’; LaNa,NiCuMnOg (cub.) — a=14,19+0,02 A, 7°=2859,42+0,06 A’, Z=4, V°
etea=114,8610,01 A%, px,,=3,38 g/em’; LaK,NiCuMnOy (cub.) — a=15,17+0,02 A, 1°=3492,0+0,06 A°,
7=4, V° ;1 .i=873,020,01 A°, P X-ray=3,70 g/cm3. According to [20, 21], it can be assumed that the ions La**
and Me " (Li", Na', K) are in the centers of the unit cells and have coordination numbers (kp) in oxygen
equal to 12, and in the nodes of the elementary cells there are Ni* ", Cu® “and Mn® ", which c.n. in oxygen
are equal to 6.

There is a pattern which is that with increasing of ionic radius among Li—Na—K also increasing the
values of the lattice parameters (a, V°, Ve cell)-

Summarizing the foregoing, we can say that the nickele-cuprate-manganites LaMe, NiCuMnOg (Me'
— Li, Na, K) were synthesized for the first time by the method of ceramic technology. Their nanosized
(nanoclusters) particles were obtained, and their lattice parameters were also determined.

The work was carried out in accordance with the agreement concluded between the Ministry of
Education and Science of the Republic of Kazakhstan and Zh .Abishev Chemical-Metallurgical Institute
under the grant of IRN AR05131333.
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KAHA HAHOOJIIIEMAI (HAHOKJIACTEPJIIK) HUKEJIUT-KYITIPAT-MAHT'AHUTTEPAIH,
CHUHTE3I )KOHE PEHTTEHOT'PA®USCHI

AHHOTAIMsI. MUKDPOICKTPOHUKAHBIH JaMybIHIAFbl HETI3ri TEHICHIMs OOJBIT TYpJi KYPBUIFBLIAPIBIH TE33CepeTyiH
yIIFaiiTy MeH onap/sl MUHHATIOpU3alKsiay OOMbI TaObIIabL.
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JIMHaMUKaJbIK KOHE CTaTHKAIBIK ONCPATHBTIK JKaJbUIap CUSAKTHI CHIMBIMIBUIBIK KOMIIOHEHTTEpre (KOHICHCATOpIapra)
HETI3[EeNTeH KaIbla CaKTay KYphUIFbUIApAa, OYI AEeTeH KOHICHCATOPABIH OJIIeMi KilIpeWTiNreH Ke3Ae OHBIH CHIMBIMIBLIBIK
nraMachel OYpBIHFBIIAN Kary Kepek [1].

CXD xynparrapsl OopiHeH OYpBIH >KOFapbeITeMmeparypanbl acKsiHOTKi3rimri (JKTAO) yirinep, kaToaTsl MaTepHaaap
JKOHE KaTaJM3aTopJiap peTiHe OenceH Il 3epTTerye.

JlanTaH HUKENINUTTEPI JKaHy YAIIBIKTAPBIHA KaToJ| PEeTiHAe KeJlei MaTepranaap OOJbI TaObuIa bl

Bepinren sxympicta anFam per LaMe,'NiCuMnO, mynnarsi (Me' — Li, Na, K) Kypamzsl KaHa HAHO/IIEM/i HHKCIHT-
KyIIpaT-MaHTaHUTTEPAIH CHHTE31 )KOHE PEHTIeHOrpadHsUIBIK TajlJay CYpaKTapbl KAPACTHIPBUIFaH.

JlanTan (III), mukens (II), meic (II), mapranen (I1I) TOTBIKTaphl skoHE TUTUH, HATPUIL JKOHE KaNii KapOOHATTAPHIHBIH KATThI
dasansl opexerTecyi apkpimsl 800-1200°C apamsikta LaMe,'NiCuMnOg (Me — Li, Na, K) KypamMabl HHKETHT-KYIpaT-
MaHTaHUTTEP1 CHHTE3ICTIIHIIT aJTBIH/BL.

Retsch (I'epmanns) xommanmsichiHBIH «MM301» Mapkamsl BHOPAIMSUIBIK JUiPMEHIHAE YTiTy J>KOJNBIMEH OJapJIbIH
HaHOOIEeM/ I (HAHOKJIACTEPIIIK) OOIIeKTEpPi ATBIHIBL.

«JSPM-5400» Scanning Probe Microscope «JEOL» (SInoHMs1) 37IeKTPOHIBIK MHUKPOCKOIBIHIA OJApIBIH e©JeMaepi
QHBIKTAJIIBL.

JIPOH-2,0 nudpakroMeTpinae KOChUIBICTapFa peHTreHo(a3anblK Tajaaay KYpri3ijiii )koHe oNapblH PeHTIeHOrpaMMalapbiH
QHATUTHKAJIBIK OJICHECH WHAMLMpICY OapbIChIHAA CHHTE3JCIIHIN alblHFaH jkaHa (asajapiblH CHHTOHMS THUII MEH TOp
KepceTkimTepi anbikTanb: LaLiNiCuMnOs (ky6.) — a=13,83£0,02 A, 7°=2644,16+0,06 A°, Z=4, 1°,,,,=661,04+0,02 A’,
Ppenr.=4,03 r/em’; LaNa,NiCuMnOg (ky6.) — a=14,19+0,02 A, 7°=2859,42+0,06 A’ Z=4, V01yn=714,860,01 A, Ppenr.=3,38
r/em’; LaK,NiCuMnOg (ky6.) — a=15,17£0,02 A, 7°=3492,0+0,06 A®, Z=4, 1°,, ,,=873,0+0,01 A’, p,0, =3,70 r/enr’.

Tyiiin ce3mep: HUKEIUT, KyIIpaT, MAHTaHUT, JIAHTaH, CUTITLI MeTaaap.
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CHUHTE3 U PEHTTEHOI'PA®HUA HOBBIX HAHOPA3ZMEPHBIX (HAHOKJ/IACTEPHBIX) HUKEJIUTO-
KYIIPATO-MAHI'AHUTOB JIAHTAHA U IIEJTOYHBIX METAJIVIOB

AHHoTanusi: OCHOBHOH TeHACHIUEH B PA3BUTHH MHUKPOIIEKTPOHHUKHU SBIIETCS MUHUATIOPU3ALMS M yBEIHUEHUE OBICTPO-
JIEHUCTBUSI pa3IMYHbIX yCTPOUCTB. [y 3allOMMHAIONIMX YCTPOMCTB, BPOJe TUHAMUYECKON M CTaTUUECKOM ONEpaTUBHOM MaMsTH,
OCHOBAaHHBIX Ha E€MKOCTHBIX KOMIIOHEHTaX (KOHAEHcaTopax), 3TO O3HAa4aeT, YTO HPH YMEHBIIEHHH Pa3MepoB KOHAEHcaTopa
BEJIMYHMUHA €r0 EMKOCTH JJOJKHA OCTaBaThes MpexHel [1].

Kynpater P3D akTHBHO HCCIEAYIOTCS MPEKIE BCEro Kak OOBEKTHI BBICOKOTeMITEpaTypHOU cBepxmnpoBoaumoctu (BTCIT)
COEIMHCHUH, KATOJHbIE MaTepPUaJIbl U KaTalu3aTOPBbI.

HukenuTsl n1aHTaHa SBISIOTCS MEPCIEKTUBHBIME MaTepHaiaM1 B Ka4eCTBE KaTOA0B TOIUIMBHBIX sTUEEK.

B nannoli paboTe BrepBBIE pacCMaTPHBAIOTCS BOIIPOCHI CHHTE3a M PEHTIeHOrpa(uueckoro aHaln3a HOBBIX HAHOPA3MEPHBIX
HUKEIUTO-KYIPaTO-MaHTaHUTOB COCTaBa LaMe,'NiCuMnOg re Me! — Li, Na, K).

Teepnodasubim B3aumoaeiicteuem B uatepBane 800-1200°C u3 oxcunos nantana (I11), auxens (1), memu (I1), mapranma
(IIT) 1 KapGOHATOB IUTHS, HATPHS U KIS CUHTE3MPOBAHbI HUKEIHTO-KyIIPaTO-MAHraHUThI cocTaa LaMe, NiCuMnOg (Me — Li,
Na, K). Ilyrem n3menpueHus Ha BHOpanuoHHONH MenbHHIE Mapku «MM301» xommanmm Retsch (I'epmanust) momydensl ux
HaHOpa3MepHbIe (HAHOKIACTepHbIC) YacThIlsl. Ha snexktponHoM Mukpockone «JSPM-5400» Scanning Probe Microscope «JEOL»
(Snonust) ompeneneHsl uX pa3Mepsl. [IpoBenenneM peHTreHo(ha30BOro aHanmsa coeanHeHuid Ha mudpakromerpe JPOH-2,0 u
UHIULUPOBAHUEM HX PEHTTCHOTPAMM aHAJIMTHYECKAM METOZOM OIpEeAeNeHbl THIIBl CHHTOHMM M IapaMeTphl PEIIETOK
CHHTHM3MPOBAHHEIX HOBEIX (a3: LaLi,NiCuMnOg (xy6.) — a=13,83+0,02 A, 1°=2644,1620,06 A’ z=4, 1°,, . =661,04+0,02 A3,
Prenr.=4,03 r/em’; LaNa,NiCuMnOy (xy6.) — a=14,19+0,02 A, 1°=2859,42+0,06 A®, Z=4, V°,,,,=714,8620,01 A, Prenr.=3,38
r/em’; LaK,NiCuMnOg (ky6.) — a=15,17+0,02 A, 7°=3492,0£0,06 A®, Z=4, 1°,,,,=873,020,01 A®, ppesrr =3,70 r/em’.

KuroueBble cj10Ba: HUKEJIUT, KyNIpaT, MAaHTaHUT, JJAHTAH, IEJIOYHbIE METAJLIbL.
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NEW APPLICATION OF OXIDATION-REDUCTION REACTIONS

Abstract. In this article, the application of new methods of oxidation-reduction reactions in three directions is
considered.

Its first direction is in the role of an intermediate in the process of passage of organic reactions. When a weak
CH-acid of triphenylmethane is reduced with sodium, in the first stage an anion-radical is formed and then a
carbanion.

The second direction is the determination of vanadium metal in petroleum and petroleum products.In this
direction, the photocolorimetric method was used before. Now, when burning oil residues from the ash formed
(V,0s5) by the interaction of hydrochloric acid, vanadium chloride is formed, which is determined by the EPR
spectrometer. This new method is more efficient and accurate, compared to the conventional photocolorimetric
method used in the laboratory.

In recent years, based on experiments conducted in the Atyrau region, a genetic link between nitrates and nitrite
ionshasbeen established. Members of the circle tested the content of nitrate ions in plants using diphenylamine-4-
sulfonic acid sodium salt. When exposed to reagents, the nitrate ion contained in the acidic juice of the plant is
oxidized and stained from slightly violet to dark blue.

Keywords: anion-radical, electron paramagnetic resonance, vanadium, ash oil, photocolorimetric method,
nitrate ion, nitrite ion.

Introduction. In the chemistry history, it has long been asserted that oxidation occurs when the
elements are combined with oxygen. For example, many metals lose their properties under the influence
of oxygen and are corroded (destroyed).

If the iron lies in moist air, then its surface is covered with red-brown rust:

2Fe+%02 +nH,0—2< >Fe 0, -nH,0

Likewise, all elements, apart from inert gases, react with oxygen and form oxides. Recently, complex
physico-chemical devices and studies have shown that other chemical reactions lead to a similar
conclusion. For example, metallic sodium not only reacts with oxygen, but also interacts with other

compounds:
e

N\
2Na + % 0,—Na,0

Also, sodium reacts with poisonous chlorine with the formation of an edible salt, having a unique
taste and does not have its own smell:

e

N
2Na + Cl,—2NaCl
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Also, sodium reacts with benzene, and gives it one electron turning into an anion-radical of the

organic salt [1]:
€ -
N
Na + g Na*

This compound has an unpaired electron that gives paramagnetic properties to benzene and has a
negative charge.

When triphenylmethane reacts with sodium, it flows through the stage of the unstable anion-radical of
triphenylmethane[2].

(C,H,),CH — > (C,H,),CH "Na *

For sodium, this process is similar to each other. Since in four cases it gives up its valence electron
and is oxidized.

In the first case - oxygen, in the second case - chlorine, in the third case - benzene, in the fourth case -
triphenylmethane are oxidants. These reactions are simple methods of oxidation-reduction reactions.

Reaction of triphenylmethane with sodium

The mechanism of carbanion formation from the triphenylmethane compounds during the reduction
with sodium occurs through the stage of the unstable anion-radical of triphenylmethane and is detected by
the electron paramagnetic resonance (EPR) method.

Of the fatty-aromatic multinuclear compounds, the properties of the central carbon "methane" atom of
triphenylmethane (TFM) are the most interesting. In the triphenylmethane itself, hydrogen bound to this
carbon is relatively easily cleaved in the form of a proton under the action of sodium amalgam [3]:

QL&

C

s :]
(CgHs);CH + Na —_’H Na

triphenylmethyl anion
(red); A=480 nm

The stability of carbanions (triphenylmethyl anions) with phenyl nuclei is due to the conjugation of
the negative charge of the central carbon atom to the m-electron system of three benzene rings [3,4]. The
triphenylmethyl anion is identified by UV spectroscopy in tetrahydrofuran (A=480 nm)

The reaction of an alkali metal with triphenylmethane at low temperature (-110 °C) in tetrahydrofuran
(THF) gives a new EPR spectrum consisting of 10 lines [2]:

N=2nly+1=2-9-%+1=10 line

and the distance between the lines a=1,85 Gs (pucyHoxk 1).

This unpaired electron in two rings is delocalized and magnetically interacts with equivalent four-
ortho, four-paraand one-methine protons and, as a result, forms ten lines (the spin of the nucleus of
hydrogenly = 1/2).
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Figure 1 - The EPR spectrum of the anion-radical of triphenylmethaneof green color with sodium at a temperature of -110°C.

As a result of the reaction of triphenylmethane with sodium, the anion radical of triphenylmethane (of
dark greenish color) is unstable at low temperatures, and then the alkali metal replaces hydrogen and the
carbanion is formed:

(CH,),CH—2>(C H,),CH'Na* —— (C,H,)C Na'+H"

The description of the proposed basic mechanism getting the unstable anion radical of
triphenylmethane as a reaction intermediate was directly proved by EPR spectroscopy.

The proposed scheme is also confirmed by visual observations of the transition of the green color of
the anion radical to the distinctive red color of the carbanion.

At the end of the last century, in the subject of organic chemistry in all higher educational institutions,
it was known that the reaction of weak CH acids with alkali metals leads to the formation of carbanions,
and no word is said about the intermediate particle. [3] When reading lectures on organic chemistry, it is
necessary to clarify the mechanism of this reaction. Thiswillgreatlyincreasestudents' interestinscience.

Oxidizing ability of vanadium pentoxide included in the composition of oil ash with hydrochloric
acid.

In order to improve the standard GOST 10364-63 chemical method for the determination of vanadium
in oil and petroleum ash, we propose a more express method for estimating the total amount of vanadium
in oil ash, based on the oxidizing capacity of V,0s in an acidic environment of concentrated hydrochloric
acid[5-7]:

V205 + 6HC1 = 2VOC12 + Clz + 3H20

In the resulting oxo-vanadyl group VO, the central vanadium ion has one unpaired electron, as a
result of which it has a paramagnetic property. The oxo-vanadyl ion VO** is highly stable and remains
unchanged during the reactions, as evidenced by its EPR spectrum.

4

g

u

I

Figure2 - The EPR spectra of vanadyl chloride at -196 °C, obtained: a - from V,0s; b- from the ash
of Kalamkas oil, of borehole #52, (here are written the hyperfine lines of the It - 8 1vanadyl ion)
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Figure 2a shows the anisotropic EPR spectrum of the resulting vanadium chloride formed from
reactive vanadium oxide. The same spectrum was obtained from the ash of Kalamkas oil, borehole 52
(Fig. 2b) and other oils.

The concentration of vanadium, in the studied oil ash of the Caspian region, is determined by the
isanotropic EPR spectrum of vanadyl chloride formed from vanadium pentoxide at liquid nitrogen
temperature (-196°C) (Table 1).

Table 1 - The content of vanadium in oils and their ash, %

Oil Ash output The amount of vanadium in oil The content of vanadium
in ash
XFA EPR
Kalamkas, 52 0.087 0.0154 0.0148 17.5
Botakhan,68 0.037 0.0025 0.0022 12.9
Karazhanbas, 851 0.09 0.029 0.026 28.9

As can be seen from Table 1, the results of determination of vanadium in petroleum oils by
photocolorimetric (PEC) and EPR method in terms of oil, are consistent with the result of determination of
vanadium in crude oils by XFA and EPR methods. The EPR method is more efficient and accurate than
the traditional photocolorimetric method used in laboratories [8].

Genetic relationship between nitrite and nitrate ions

The research work for students interested in chemistry is mainly related to the needs of the Atyrau
region.

The accumulation of nitrates and nitrites above the norm in crop mass, fodder, vegetables and in meat
that are used as food can have an unprofitable effect on animals and human organisms, especially the
properties of mutagenic nitrites in the human body is extremely dangerous.

Nitrates that enter the human or animal body when using vegetable food are restored to nitrite.
The resulting nitrite ion blocks the oxygen supply to the cells and leads to serious illnesses in the body.
The daily amount of nitrate for live weight should be from 300 to 320 mg or 4 mg/kg [9]. Members of the
circle on the basis of their own experiments established a genetic link between the nitrates and nitrites
ions[10-12]:
H
NO; «—— NO;
O

In the course of the experiment, it was found that a simpler method of transition from nitrate to nitrite

is the reduction of nitrate by hydrogen in the acidic medium.

2CH;COOH + Zn (dry chemical) =2 H+ Zn(CH3COO),
KNO;+2H(at the moment of allocation)= KNO,+H,0
We solve the inverse problem:
5NaNO,; + 2 KMnOy + 3H,S0,4 = 5 NaNO; + K,SO4+ 2MnSQO,4 + 3H,0

The reducing properties of nitric acid and its salt are confirmed by the disappearance of the pink color
KMHO4.

We can test this equation by adding the Griss reagent to the solution.

Under the action of nitrite ions, the Griss reagent turns to red. Students developed an express visual
technique for the mass analysis of nitrate ions in plant juices. To produce a visual scale, an aqueous
solution of diphenylamine-4-sulfonic acid sodium salt was used with a known nitrate ion content[10].

Table 2 - Visual scale for determination of nitrate ion in test samples

Concentration of nitrate ion in solution, mg/l Colorofsolution
<10 Bright blue
30 Blue
300 Dark blue

— 50 ——
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The development of express ions also requires, in addition to chemical knowledge, knowledge in
physics (optics), biology, agrochemistryand ecology.

Conclusions

1.The mechanism of the formation of carbanion from the compounds of triphenylmethane during the
reduction by sodium occurs through the stage of the unstable radical anion of triphenylmethane and is
detected by the electron paramagnetic resonance (EPR) method.

The proposed scheme is also confirmed by visual observations of the transition of the green color of
the anion radical to the distinctive red color of the carbanion.

2.1t is proposed to use EPR - radiospectroscopy not only to estimate the amount of tetravalent
vanadium in oils, but also to estimate the total amount of vanadium in oils. In the case of mass laboratory
analyses characterized by selectivity, high accuracy and expressiveness, the proposed method has
advantages in comparison with the photocolorimetric method of vanadium analysis in oils and petroleum
products.

3. In the circle, students master and develop the technique for determining the content of nitrates and
nitrites in crop materials.
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X. JocMyxaMeoB aTBIHIAFbI ATBIpay MEMJICKETTIK YHHUBEPCHUTET1
TOTBIT'Y —- TOTBIKCBI3JIAHY PEAKIIUAJAPBIHBIH ’KAHA KOJJAHBLITYbI

AnHoTtanusi. Byl Makanana TOTBIFY — TOTBIKCBI3ZaHY PpEaKLUMsUIAPBIHBIH JKaHa KOJIAAHBICHI YII OaFrbITTa
aiikpiHnanapl. OHBIH OipiHII OaFbITHI JKOFAPFBl OKY OPBIHAAPbl XMMUSICHIH OKY/a OPraHUKAJIBIK peaklHsIapablH
KYpy OapbICbIHIa HHTepMenuar periHzgeri peii. ©nci3 CH — KblKbUIbl YyHIQEHHIMETaHHBIH HaTUPUHMEH
TOTBIKCBI3JIaHybl Ke3iHze eH OipiHmI caThlia aHHOH — PajMKai TY3UIETiHI YCHIHBIIIBI, all OJlaH KeHiH KapOaHWOH
OHIMI aJbIHAbL.

Exinmi OGarpIT MyHai )koHe MyHail ©HIM/IEpiH/Ie BaHa i METaJbIH aHbIKTay ici. ByJ perre ockl Ke3eHre Jeiin
(hOTOKOIIOPUMETPITIK OIC KONTAHBUTBIT Kenmi. EHml MyHaiapl skarein oHBIH KyJiHeH (V,0s) KOHBUITBUTFaH TY3
KBILIKBIIBIMEH dCep €Ty apKbUIbl XJIOPJbl BaHaauiiAi anbin, oHbl DIIP — criekTpomeTpMeH aHbIKTay ici. By xaHa
dmic 3epTXaHana KOJIAHBUIBII KYPTeH IOCTYPIi (POTOKOIOPMETPIIK dficKe KapaFaHAa aca THIMII JKOHE IONIITine
©Te KOFapBhI.

Conrbl XKbU1Iapbl AThIpay OOJIBICBIH/A ©3]€pl KYPTi3reH ToxipuOenep Heri3iHae HUTPAT JKOHE HUTPUT HOHBI
apachlH/aFbl T'€HETHKAIBIK OaiaHBICTHl TaralbIHAANbL. YilipMe MyIuenepi eCiMAiK CybIHAAFbl HUTPAT HOHIbI
OKCIPECTI aHBbIKTAy YIIiH €Ki (eHWwIaMHH- 4-Cyib(OKBIIKBII HAaTPUW TY3bIH ChIHAKTaH oTKi3mi. On HUTpar
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HMOHBIHBIH PEAaKTHBI PETiHAe KHIIIKBUI OpPTaga ©CiMIIK CONHIETI HUTPAT-HOH 9CEPiHEH TOTHIFHIIN, OHBIH MOJIIEPiHE
caif oJIci3 KYJriH TYCTEH CHIKOK TYCKe AeHiH OOsIaThIH 6HIM Oepei.

Tyilin ce3gep: aHWOH — paauKad, »>JICKTPOHIBIK IMApaMarHUTTIK PE30HAHC, BaHANWHA, MyHal Ky,
(hOTOKOJIOPHUMETPIIIK J/11C, HUTPAT MOH, HUTPHUT HOH.
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ArTsIpayckuil rocyiapcTBeHHbI yHUBepcuTeT UM. X.JlocMyxamenoBa
HOBOE NIPUMEHEHUE OKUCJUTEJIbHO-BOCCTAHOBUTEJIBHBIX PEAKIIAM

AHHOTanusi. B 3Toif craTbe paccCMOTPEHONIPUMEHEHHE HOBBIX CIIOCOOOB OKHCIMTEIHLHO-BOCCTAHOBHTEIBHBIX
peakLuii Mo TpeM HaIrpaBICHUSIM.

Ero mepBoe HampaBieHHE B POJIM HHTEPMEIHMATa B MPOLIECCE MPOXOXKIEHMS OPraHMYECKHX peakuuu. llpu
BoccTaHOBJIeHHH ciaboii CH-KUCIOTH TpudeHnIMeTaHa HaTpUEMB IIEPBOH CTaanu oOpasyeTcs aHMOH-pafuKal
TOCJIe 3TOr0 KapOaHHOH.

Bropoe HampaBieHue - onpezneseHUe MeTajula BaHaaus B HeQTsIX U HedrenpoaykTrax. B aToM HampaBieHuu
paHbIlle HCHOIB30BaNCS (DOTOKOJIOPUMETPHUUECKHH MeToA. Temepb, HPUCKHTAaHUM HEPTSHBIX OCTaTKOB U3
obpazoBaBmieli 30161 (V,0s) B3aMMOIEHCTBHEM COJISIHOM KHCIIOTBI, 0Opa3yeTcsi XJIOpHI BaHAAUs, KOTOPBIH
ompezensiercs ¢ momounsio I[P —cnekrpomerpa. TOT HOBBIM MeTO sBIsieTcst Oosiee 3((HEKTUBHBIM U TOYHBIM, 110
CPaBHEHUIO ¢ OOBIYHBIM (DOTOKOJIOPHUMETPHUECKUM METOIOM, IPUMEHSIEMBIi B Ta00PaTOPHH.

B mocnenane ronbl, OCHOBBIBASICH Ha 3KCIIEPUMEHTAX, NMPOBEICHHBIX B ATBIPAyCKOW 00NACTH, YCTaHOBWIN
TEeHETHYECKYI0 CBSI3b MEXIy HUTpaTaMH M HUTPUTHBIMH HOHaMH. UIJICHBI KpyXKa IPOTECTHPOBAIH COJEp)KaHHE
HHUTPAT-MOHOB B PACTEHMSAX C UCIIOIBb30BaHHEM AHU(EHUIaMUH-4-Cynb(OKUCIOT HaTpHeBoi conu. Hurpar-noHom B
KUCIIOM cpeae pacTeHMH IpH BO3ASHCTBUM IU(eHHIaMUH-4-CyIb()OKHUCIOT HATPUEBOH COMMOKHCIACTCS |
OKpammBaeTcs OT ci1abo (GpUOIETOBOTO 10 TEMHO CHHETO LIBETA.

KnioueBble ciioBa: aHMOH — pajMKal, JJIEKTPOHHBIA MapaMarHUTHBIA PE30HAHC, BaHAIWH, 30512 HeDTH,
(hOTOKOIOPUMETPUUECKUN METOJ, HUTPAT HOH, HUTPUT HOH.

CaeeHbs 00 aBTOpax:

Byxanosa Atiryns CokeeBHa — K.T.H., JOIIEHT, 3aB.Ka(eapoil «X1Must 1 XUMHYeCKast TEXHOJIOTU»;
KatiprmesadazunarbacapoBHa — K.T.H., CT. TIperniofaBaTens kadenpoi « XuMus 1 XUMHYECKask TEXHOJIOTHSD),;
Caxwurnoa JIluaus barumkaHnoBHa — MarucTp, CT. penoaaBareib Kapeapoil « XMMHUs 1 XUMUUECKast TEXHOJIOTHS»;
Iangenko Onbra FOpbreBHa - MarucTp, CT. pernogaBateb Kaheapoit « XuMusl 1 XUMHYECKasi TEXHOJIOTUSI»;
KapabacosaHarumaA crin6exoBHa - MarucTp, CT. IpenogaBates kKageapoi « XuMus 1 XMMHUYECKast TEXHOIOTUS;
Haceipos Paxmerymia — 1.x.H., mpodeccop kadeapbl « XUMHS H XUMHYIECKast TEXHOTOTHD».
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THE MECHANISM OF COMPOUND OF CHEMICAL ELEMENTS
FOR THE TABLE OF D.I. MENDELEYEV AND THE VIRTUAL
INTERAKTIVIZATION IN THE PROGRAM ENVIRONMENT
FLASH-CC, JAVA SCRIPT

Abstract. It is asked creations of the virtual interactive laboratories with obviousness of deep mechanisms of
chemical reactions at the atomic level in inorganic chemistry.

On the basis of a research practical use of results of the virtual laboratory operated (interactive) with
visualization and animation of mechanisms course of processes, on inorganic and organic chemistry are planned.
Will be applied to upgrading of tutoring, big saving of time (about 60% for assimilation of a subject), to self-
contained carrying out research works, to development of creativity of students. The product will be used all system
of secondary education (schools, lyceums, gymnasiums), all system of the higher education where study chemistry,
research institutes and laboratories and also food, chemical, pharmaceutical, other technological industries.

Keywords: periodic system of elements, atom, electron, proton, neutron, atomic weight, Pauli's exclusion
principle, rule Hunda, orbital, energy levels, valence.

Introduction. The periodic law — the greatest achievement for chemical science, fundamentals of all
modern chemistry. With its opening the chemistry stopped being descriptive science, in it scientific
anticipation became possible.

The periodic law is opened by D.I. Mendeleyev in 1869. The scientist formulated this law so:
"Properties of simple bodies, also forms and properties of connections of elements are in periodic
dependence on the size of atomic weights of elements" [1, 2].

More detailed studying of a structure of substance showed that frequency of properties of elements is
caused not by atomic weight, but an electronic structure of atoms.

Nuclear charge is the characteristic defining an electronic structure of atoms and consequently, and
properties of elements. Therefore in the modern formulation the Periodic law sounds: properties of simple
substances and also forms and properties of connections of elements are in periodic dependence on ordinal
value (from the size of nuclear charge of their atoms). Expression of the Periodic law is the periodic
system of elements.

Periodic system of D.I. Mendeleyev

The periodic system of elements of D.I. Mendeleyev consists of seven periods which represent the
horizontal sequences of elements located on increase of a charge of their atomic nucleus. The periods 1, 2,
3,4, 5, 6 contain respectively 2, 8, 8, 18, 18, 32 elements. The seventh period is not complete. The periods
1, 2 and 3 call small, the others - larger.

Every period (except for the first) begins atoms of alkali metals (Li, Na, To, Rb, Cs, Fr) and comes to
an end with a rare gas (Ne, Ar, Kr, Xe, Rn) to which typical nonmetal precedes. In the periods from left to
right metal gradually weaken and nonmetallic properties as with body height of positive charge of atomic
nuclei the number of electrons at the external level increases amplify [2].
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In the first period, except helium, there is only one element - Hydrogenous. It is conditionally placed
in IA or VIIA to subgroup as he shows similarity and to alkali metals, and to halogens. The similarity of
Hydrogenous to alkali metals is shown that Hydrogenous, as well as alkali metals is reducer and, giving
one electron, forms singly charged caution. It is more than common at Hydrogenous with halogens:
Hydrogenous, as well as halogens nonmetal, its molecule it is biatomic, it can show oxidizing properties,
forming with the fissile metals similar salts hydrides, for example, of NaH, CaH,.

In the fourth period after Sa 10 transition elements (decade of Sc - Zn) are located behind which there
are other 6 basic elements of the period (Ga - Kg). The fifth period is similarly constructed. The concept a
transitional element is usually used for designation of any element with valence d— or f-electrons.

The sixth and seventh periods have double inserts of elements. Behind Ba element plug-in decade of
d-elements (La - Hg), and after the first transition element of La follow 14 f-eclements - lanthanides is
located (Ce - Lu). After Hg other 6 main r-elements of the sixth period settle down (TI - Rn).

In the seventh (incomplete) period for the Expert 14 f-eclements-actinides follow (Th - Lr). Recently
La and the Expert began to rank respectively as lanthanides and actinides. Lanthanides and actinides are
placed separately in the bottom of the table.

Thus, each element in a periodic system holds strictly particular position which is noted serial, or
atomic, by number [3].

In a periodic system eight groups are divided into subgroups (I-VIIl) which in turn - main, or
subgroups A and the secondary’s, or B. Subgroups the VIII B-special are down located, it contains triads
of the elements making families of iron (Fe, With, Ni) and platinum metals (Ru, Rh, Pd, Os, Ir, Pt).

Similarity of elements in each subgroup - the most noticeable and important regularity in a periodical
system. In the main subgroups metallic from top to down amplify and nonmetallic weaken. At the same
time there is an increase in stability of connections of elements in the lowest rate of oxidation for this
subgroup. In the secondary subgroups — on the contrary — from top to down metallic weaken and stability
of connections with the highest rate of oxidation increases.

Periodic system and electronic configurations of atoms

As at chemical reactions of a core of the reacting atoms do not change, chemical properties of atoms
depend on a structure of their electronic shells.

Filling of electron layers and electronic shells of atoms happens according to a Pauli's exclusion
principle and the rule Hunda.

Exclusion principle Pauli's (will lock Paulie)

Two electrons in atom can’t have four identical quantum numbers (on each atomic orbital there can
be no more than two electrons).

The Pauli's exclusion principle defines the maximal number of the electrons possessing this main
quantum number of n (i.e. being on this electron layer): N, = 2n’. On the first electron layer (energy level)
there can be no more than 2 electrons, on the second — 8, on the third — 18 etc.

In Hydrogenium atom, for example, there is one electron which is on the first energy level in 1s — a
state. The spin of this electron can be directed randomly (mg = +1/2 or mg = —1/2). It is necessary to
emphasize once again that the first energy level consists of one subtotal — 1s, the second energy level — of
two subtotals — 2s and 2r, the third — of three subtotals — 3s, 3p, 3d etc. The subtotal, in turn, contains
orbitals which number is defined by the secondariest quantum number | or equal (21 + 1). Each orbital is
conditionally designated by a cage, the electron which is on it — an arrow which direction indicates
orientation of a spin of this electron. The arrangement of spins is defined by the rule Hunda which says:
filling of energy levels happens so that the cooperative spin was maximal.

In atom each electron occupies the free orbital with the lowest energy answering to its greatest
communication with a core. In 1961 M. Klechkovsky formulated the general provision according to which
energy of electronic orbitals increases in an order of increase in the sum of the main and secondariest
quantum numbers (n + 1), and in case of equality of these sums, smaller energy has the orbital with smaller
value of the main quantum number of n [5, 7].

Determination of valency

It agrees according to polarity formulas, all elements VI A and VI B group have the electronic
configurations finished on p* and d*°. Within the electronic theory the valency of atom is defined on the
basis of number of unpaired electrons which participate in formation of electronic couples with electrons
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of other atoms. Only the electrons which are on an external envelope of atom participate in formation of
chemical bonds. Therefore the maximum valence of chemical element is a number of electrons in the
external electronic shell of its atom. Proceeding from it, all elements VI A and VI B group show different
valencies: II, II1, IV, V, VL.

And in cases of these three elements their valence is defined by the phenomenon of "breakthrough".
The phenomenon of "breakthrough" represents symbolical transferring of one of two valence s-electrons
on a d-subtotal that reflects no uniformity of deduction by a core of outer-shell electrons.

Determination of ability to react an element with other elements, the reason of limitation of reaction
of chemical elements VI A and VI B group

External level of atom is called the level, farthest from a core, at which still there are electrons. This
envelope adjoins at collision with external levels of other atoms in chemical reactions. At interaction with
other atoms oxygen is capable to accept the 2nd padding electron on the external level. At the same time
atom oxygen will receive complete, that is as much as possible the filled external electronic level on which
6 electrons will settle down. And the reason of limitation of reaction of chemical elements is explained by
it. Proceeding from it, the rule Gunda is similar and for all elements of this group.

Characteristics of chemical elements naturally change in groups and the periods [13].

As the chemical bond, an atom structure, electronic shells of atom influence properties of an element,
ability to react an element depend on these factors too. For example, the molecule of oxygen consists of
two atoms. The chemical bond is the covalent non-polar.

Oxygen is distinguished by high reactivity, it oxidizes many substances already at ambient
temperature. Oxygen forms connections with all chemical elements, except helium, neon and argon. It
interacts with the majority of elements immediately, except halogens, except for fluorine, gold and
platinum.

Determination of ability to react an element with other elements, the reason of limitation of reaction
of chemical elements of lantanoyd’s

JlanTaHoMIBl — 3TO 14 DIEMEHTOB, CJICAYIOIIMX 32 JIAHTAHOM, Yy KOTOPBIX K OJICKTPOHHOI
KOH(HTYpalluK JaHTaHa TOCIe0BaTeNIbHO no0aBisitoTes 14 4f-31eKTpoHOB.

Animation images of movements and work with them demands the large volume of memory. And for
reduction of memory size, there is use of the virtual — interaktivization of processes, Flash is very efficient
[14-17]. From the basic vektorno — the graphic Flash format of technologies Shorewave Flash (SWF) — a
branch was created. But, it is not the first vector format, it is the Web broadcast mechanism — pages to
SWF as finding of the graphic representation, the coordinating link of an instrumental inventory and the
graphic representation. Advantage of SWF-of the application it is easily an acceptability on other
Wednesday, i.e. this format is used in different is information — the program platform (in the Mac OS
Macintosh operating system, in OS - Windows OS). One more feature of SWF — the constructed main
images not only accept animation but also is padding, an opportunity to create interactive elements and
audio of installation, and to form interactive virtual laboratory, very conveniently the formats SWF, CC of
them — the program Flash environment. One more reason of popularity of SWF — a format this very mild
and convenient application instruments for other platforms development of Macromedia. For example:
creations of the multimedia presentations use the program device — Macromedia Director Shockwave
Studio, - and are applied the program device to creation of graphic images — Macromedia Authorwave,
Macromedia Course Builder. Therefore among Web — the publication the most recognizable and easily
applied publication is Macromedia Flash Web — gives the chance to decorate each website with animation
and to collect the complete page. Action Script Tools - allows to collect Web addition efficiently and its
modern languages similarly probably on the scenario Java Script, Action Script and by means of the editor
of Devigger is the solution of often applied elements. For virtualization and an interactivity of electronic
orbitals, electronic configurations on each element of the table of Mendeleyev Wednesday in a format CC
— the program Flash and Web environment addition the scenario Java Script, Action Script and by means
of the editor of Devigger is chosen computer program. On each element of the table of Mendeleyev it was
created an electronic configuration according to the law Gunda. By the rule Gunda when filling with
electrons of orbitals, identical on energy, electrons settle down first of all on the single on each orbital, and
a population of these orbitals begins only then the second electrons.
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For example the polarity formula of oxygen bears very important information: the external electronic
level of oxygen is filled with electrons not till the end (on it 4+ 2 = 6 electrons) and before the complete
filling there are not enough two electrons. The general view of the virtual and interactive table in the
called program environment is given in the drawing-1. When pressing any button are automatically
represented in movements - dynamics electronic configurations of any chemical element in flat-2D and
volume - a 3D format and also the sequence of energy levels in ascending order of energy according to the
following scheme:

1s <25 <2p<3s<3p<4s=3d<4p<5s~=4d <5p<6s~5d=4f<6p.

We see atomic weight, valencies, quantity of neutrons, the Russian and English name and polarity
formulas for I (A, B) groups of elements. And also for each chemical element I (A, B) groups are brought
ordinal values and polarity formulas in the form of drawings. As it is specified in the drawing-1, the
ordinal value of chemical element is atomic number. It is equal to quantity of protons. A symbol of a
proton is Z. For definition of a neutron the formula is used:

N = Ar-Z [9]. Preceding from a formula of energy levels the ability of chemical elements to chemical
reactions or connections is also defined.
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Picture 2 - Flat picture of electronic orbital’s the Seaborgium element in driving, atomic
weight, valence, quantity of neutrons and protons, polarity formula of energy levels of orbital’s
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Picture 3 Volume picture of electronic orbital’s The Seaborgium element in driving, atomic
weight, valence, quantity of neutrons and protons, polarity formula of energy levels of orbital’s

The virtual interactive-multimedia table of a periodic system of elements of D.I. Mendeleyev on the
electronic medium, apparently from this table is created, from a formula of energy levels and the ability of
chemical elements to chemical reactions or to a chemical combination decides on other elements. On the
basis of a research practical use of results of the virtual laboratory operated (interactive) with visualization
and animation of mechanisms of course of processes, on inorganic and organic chemistry are planned.
Will be applied to upgrading of tutoring, big saving of time (about 60% for assimilation of a subject), to
self-contained carrying out research works, to development of creativity of students. The product will be
used by all system of secondary education (schools, lyceums, gymnasiums), all system of the higher
education where study chemistry, research institutes and laboratories and also food, chemical,
pharmaceutical, other technological industries.
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A.M. Tarenos, B.B. CaBesabeBa, A.C. KanueB
EBpasuiickuii TEXHONIOTHYECKUI YHUBEPCUTET, I Anmartsl, Kazaxcran

MEXAHHU3M COEJUMHEHUA XUMHUYECKHUX SJIEMEHTOB TABJIAIbI . U.MEHJEJIEEBA 1
BUPTYAJIBHAA UHTEPAKTUBU3AIUA B IPOT'PAMMHOMU CPEJE FLASH-CC, JAVA SCRIPT

Annotanusi. CTaBUTCS BOMPOC CO3/IaHHs BUPTYAbHBIX HHTEPAKTHBHBIX Ja0OPATOPHM C HATJISJHOCTBHIO
IyOMHHBIX MEXAaHU3MOB XUMHYECKUX PEAKIMii Ha aTOMapHOM YPOBHE 110 HEOPTaHUYECKOH XHMHUH.

Ha ocHOBe uccienoBaHus IUIAHUPYIOTCS MPAKTUUECKHE MPUMEHEHHS Pe3yJIbTATOB BHPTYaIbHO-YIIPABISIEMON
(uHTepakTUBHAs1) J1A0OpPAaTOPUM C BHU3yalU3alMeidl W aHUMalueil MEeXaHW3MOB IMPOTEKAHUSI MPOLIECCOB, IO
HEOPraHUYEeCKOH M OPraHWYecKOW XUMHH. ByIyT HPUMEHSTHCS AJsl TOBBILIEHHS KadecTBa OOydeHus, OONbIIOH
9KOHOMHHM BpeMeHH (0kojio 60% Ha yCcBOEHHE TpeaMeTa), sl CaMOCTOSTEILHOTO MPOBEAEHHS HCCIIEI0BATENbCKUX
paboT, a1 pa3BUTHS TBOpYeCcTBa oOOydvarommxcs. [IpoaykT OyayT HCIONB30BaTh BCS CHUCTEMa CPEIHETO
06pa30BaHI/lﬂ (HJKO.]'H)I, JINLICH, FI/IMHaSI/II/l), BCs CHUCTEMaA BBICIICTO 06pa3OBaHI/l§1 rae nu3ydaroT XUMUIO, HAYYHO-
HCCIICAOBATEIILCKUE MHCTUTYTHI W JTA0OPaTOPHH, a TaKXKe INHIICBas, XUMHUYECKas, (apMaleBTUIECKas, IPyTUe
TEXHOJIOTUYECKHE HHYCTPUH.

KiroueBble c10Ba: TEpUOIUYECKasl CUCTEMA DIIEMEHTOB, aTOM, 3JICKTPOH, MIPOTOH, HEWTPOH, aTOMHAsI Macca,
npuHnun [aynu, npasuino XyHaa, opOUTaib, SIHEPreTHUECKUE YPOBHHU, BAICHTHOCTD,
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A.M. Torenos, B.B. CaBeaneBa, A.C. KaiueB
Eypasust TeXHOJIOTHSUIBIK yHUBEPCHUTETI, AJIMaThI K., Kasakcran

A N.MEHJIEJIEEB TABJINIACBIHIAFbBI XUMUSJIBIK JIEMEHTTEPAIH KOCBILITY
MEXAHM3MIEPIH FLASH-CC, JAVA SCRIPT-BATJIAPJIAMAUJIBIK OPTAJIAPBIHJIA
BUPTYAIIJAII-UHTEPAKTUBTEHIIPY

AnHoTanusi. OpraHukanblK eMec XUMHSOaH XUMWSUIBIK —peakLHsUIapAbIH TEPeHISTUINeH MeXaHWU3MiH
KOpHEKiJIey MAaKCaThIHIa BHPTYaIIbl-MHTEPAKTHBTI 3epTXaHalap jkKacaylpl CYpaK peTiHIe Makajana KOMbII
OTBID.

OcBlI 3epTTeysep HOTIKECIHIE, OPraHUKAIBIK JKOHE OpPTaHMKalbIK eMeC XMMHANAH JKacaJFaH BHPTYaJbl-
MHTEPAKTUBTI 3€pTXaHalap KOMETIMEeH KOPHEKUICHIeH JKOHE aHUMAalMsUIaHFaH peakUys IpOLECcCTepiHiH
MEXaHM3MIH TOKIpHOe Ky3iHIEe KoJIAaHbICKa kibepy Kke3zenin oThIp. ByHnail KoijaHbIC OKy camachlH apTThIpY
MaKCaTbhlH/a, OKY YaKbIThIH YHemjeyre (IIOHAEpIi MEHrepyre KeTeTiH yakbITThl -60%-Fa neiiiH ), e3 OeTiMeH
3epITeY KYMBICTApPbIH JKYPri3yre, OKYIIbLIAPIBIH IIbIFAPMAIIbUIBIK KaOUIeTiH apTThipyFa kemekrecenai. JKoba
HOTW)KECIH Oapnbelk OimiM  cajlajapsl  KOJIAHAIbl; MEKTENTep, JIMIenep, THMHA3HUsIap, XHUMHSHBI OKHTBHIH
OapiybIK JKOFapbl OLTIM XKyifeci, FRIIIBIMU-3epTTEY WHCTUTYTTAphl, 3€pTXaHajaphl, (apMaleBTHKA, XUMHUS, TaMak
WH]Ty CTPUSUIAPBI.

Tyiiin ce3mep: dIeMEHTTEPIIH MEPHOATHIK JXYHeci, aToM, SIEKTPOH, IPOTOH, HEHTPOH, aTOMIBIK Macca, [laymm
MpUHINIT, XYHI epeKeci, opOuTalb, JHEPTeTUKAJBIK ACHIeHIep, BaJICHTTLTIK.
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THERMODYNAMIC RESEARCH OF THE POSSIBILITY
OF PHOSPHATIC AND SILICEOUS FINES SINTERING
WITH THE FLUXING ADDITIVES

Annotation.The research of thermodynamic possibility of the most possible reactions course in the sintering
process of phosphatic and siliceous fines in the presence of fluxed additives is conducted. Sub-standard nickel-cobalt
ores and internal overburdens are used as fluxed additives.

It is established that for course of reaction of Ni and Co containing components it is necessary to increase the
temperature due to the presence of carbon in internal overburdens and a coke fines. It is revealed that presence of
fluxing additives in sintering charge 10% to phosphorite weight in some provided chemical reactions given in article
decreases the melting temperature on 3230 K — 3730 K and makes favorable impact on structure of the received
sinter, increasing his strength characteristics by 10-15%.

Keywords: thermodynamic research, Gibbs energy, temperature, possible reactions, fluxed sinter, fluxing
additives.

Introduction. Production of the elemental yellow phosphorus, which is the main raw material for
manufacture of feed phosphates, many mineral acids, various grades of salts, detergents and other
products, relates with the reduction of natural phosphates in the round and closed ore-thermal furnaces of
the ORC type.

In the process of mining and preparation of commercial phosphorites to the electro thermal
sublimation a significant amount of ore fines is formed. The total amount of sub-standard fines, formed at
the preparation of raw materials for the yellow phosphorus production, is 55-60% of the mined ore mass
[1,2] depending on the geological structure of various sections of a phosphorite deposit, their mechanical
properties and composition.

Phosphorus industrial enterprises, designed for the lump phosphate processing, recycle only a small
amount of phosphate fines. But the above-mentioned fines of 0-5 mm class, formed during the mining and
preparation of lump phosphate raw material, transportation for the technological processing, do not
provide a favorable and uniform gas-dynamic mode and exit of gases from the furnace bath at the
insignificant hydrodynamic resistance in the phosphoric furnace.

In addition, in conditions of the forced industrial-innovative development of the country there is a
question of the complex and rational use of industrial wastes of various industries which allow to decrease
a consumption of material and energy resources at the yellow phosphorus production [3-5].

Based on the foregoing, the use of fines of phosphate raw material mined on the Karatau field
deposits in the electrothermics of phosphorus is the basic economic and environmental problem. The
solution of this problem is connected with the improvement of existing methods of thermal preparation of
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a raw charge and the development of new processes and devices for the preparation and processing of
phosphate rock in the phosphorus production.

Methods of the research.The researches are conducted by the full thermodynamic analysis with use
of the program HSC-5.1 complex Finnish metallurgical the Outokumpu [6] companies, the minimum of
energy of Gibbs [6] based on the fundamental principle taking into account that

G(x) = i i.ﬁ'j (\Cj + In (;:—i) - In}fj) — G(x)min

=1 j=1 (1)
at restrictions in a look:
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where f — the total number of phases of system; bi — the total number of moths of an independent
component i in system; Cj — empirical thermodynamic function; Xa — the total number of moths of a phase
and in system; Xj/Xa — a molar share of dependent j-of a component in a phase and.

At carrying out of given researches the subprogrammes as "Reaction Equations”, "Equilibrium
compositions" were used.

Experimental part. We have offered a way of sitering of phosphatic raw materials [6, 7] which
allows to receive fluxed phosphoritic sinter with high technological properties.

For the research carrying out we developed and installed a laboratory plant, including a sintering bowl
for the phosphate fines sitering, which is shown in figure 1 [8].
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1 - compressor, 2 - spreader, 3 - fuel unit, 4 - ignition furnace, 5 - sintering cylinder, 6 - thermocouple, 7 - vacuum gage, -
coordinate recording potentiometer, 9 - water storage, 10 - Venturi tube; 1 - scrubber, 12 - spray catcher, 13 — receiver for sludge.
Figure 1 - Laboratory plant for production of fluxed phosphate sinter

The laboratory plant has a system of temperature and pressure control at work of the sinter bowl.
In the sintering process the off-grade nickel-cobalt-containing ore (NCO) and the internal overburden
(IO) - waste of the coal mining industry — are used as an fluxing agent and an additional fuel [9-15].

— 62 ——
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Addition to the charge up to 10% of the internal overburden and the nickel-cobalt ore permit to
decrease a consumption of the solid fuel (coke) on 15-20%, to receive more durable sinter and at the
further synthesis of phosphorus from the fluxed sinter to produce the alloyed with valuable elements
ferroalloy.

These effects are achieved at the expense of:

- content of free carbon up to 50% in the internal overburden;

- obtaining of the eutectic liquid phase in the sintered material layer on 10-12% (relatively) higher
than at the existing technology due to the content of fusible minerals in NCO and 1O.

For this problem solving we made the sampling of internal overburden formed at the brown coal
mining of the Lenger deposit (Kazakhstan, South Kazakhstan Region) and the nickel-cobalt-containing
off-grade ore of the Kempirsay deposit (Kazakhstan, Aktobe region) and also we carried out a research of
the sintering process of the Zhanatas deposit phosphorite fines in combination with the above additives.

The chemical composition of the charge materials (in %):

- the internal overburden of Lenger brown coal deposit: Cr203 —up to 0.1; Fe203 — 2.6-11.9; Al203
—6.5-9.5; Si02 — 48-52; CaO — 0.5-2.5; MgO — 0.9-2.9; Cfree- 25-35; K20 — 0.4-0.7; Na20 — 0.3-0.5; etc.
up to 100;

- nickel-cobalt-containing ores: NiO — 0.88; CoO — 0.05; Cr203 — 1.4; Fe203 — 20.4; A1203 — 6.4;
Si02 — 31.6; CaO — 0.6; MgO — 6; Cfree — 1.1;

- phosphorites of the Zhanatas deposit: P205 — 21.2; Si02 — 24.1; CaO -36.8; MgO — 2.1; A1203 —
1.6; Fe203 —1.7.

For the sintering process carrying out we used a charge mixture taken in defined ratio with the
following composition: phosphate raw material — 55.0-67.0 % with a size 3-10 mm; sinter fines return —
14-16 % with a particle size 0-5 mm, nickel-cobalt ore — 3-17 % with a size 0-5 mm, internal overburden —
3-17 % with a size 0-5 mm; solid fuel (coke breeze) — 3-5 % with a size 0-3mm. The charge is mixed,
moistened up to moisture content 6-8 %, pelletized and loaded on a fire grate of the sinter bowl with a
height of a layer 200-220 mm over the 10-20 mm “bed” layer from the sinter with a fraction 8-16 mm.
Then the fuel contained in the charge is ignited by the blowing of a gas heat carrier, formed at the
combustion of natural gas in a burner.

Sitering of an agloshikhta is conducted during 35-45 miknut at preservation of the module of acidity
of the oflyusovanny phosphoritic sinter equal 0,93-1,16.

Increase in durability in the course of high-temperature roasting, according to us, happens due to
education in system "liquid - firm" the alyumosilikatnykh and phosphorite-nickel-cobalt of calcic
connections which when cooling harden, creating the difficult destroyed sheaves between larger melted-
off particles of a phosphatic and siliceous fines.

The thermodynamic possiblity of course of the main reactions of solid-phase interaction between
components of furnace charge was estimated with use of the program complex based on the fundamental
principle of a minimum of energy of Gibbs by calculation and definition of Change of energy of Gibbs for
a number of chemical compounds in the range of temperatures 673-1873 °K.

Calculation in the studied system was carried out only for most for the most possible interactions
given below:

1) 2CaCO3 + 2Si02 + 6NiO + 6C + 02 = 2Ca0-Si02 + 2Ni3C + 6CO2
2) 2CaCO3 + Si02 + 2NiO + 2C + 02 = Ca0-SiO2 + 2Ni + 3C0O2

3) 2CaCO3 + 28102 + 6NiO + 9C + 202 = 3Ca0-2Si02 + 2Ni3C + 7CO2
4) CaCO3 +6Si02 + A1203 + 3C + 02 = CaO- A1203-6Si02 + 4CO2

5) CaCO3 + SiO2 + 2Co0 + 3C + 02 = Ca0O-SiO2 + Co2C + 3CO2

6) 2CaCO3 + 2Si02 + 2Co0 + 4C + 02 =2Ca0-Si02 + Co2C + 5C0O2

7) 3CaCO0O3 +3Si02 + 4A1203 + 3C + 02 = 3Ca0-Si02- 2A1203 + 6CO2
8) 2CaCO3 +2Fe203+ 3NiO + 2C + 02 = 2Ca0-Fe203+Ni3C+CO2

9) 2CaCO3 +2Fe203+ NiO + C + 202 = 2Ca0-Fe203+Ni+2CO2
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Changes of energy of Gibbs of reaction at course of reaction given above are given in the figure 2.
Figure 2 - Results of calculations of change of Gibbs energy at course of reaction on the equations (1) — (9)

It agrees the change of Gibbs energy of reactions (1) — (9) presented in the figure 2 of solid-phase
interactions in the oxidizing and deoxidazing environment it is possible to assume the following:

- reactions of interaction (7) - (9) between components of charge mix in the field of the studied
temperatures are theoretically impossible as in all interval of the studied temperatures of value of Gibbs
energy is ;

- reactions of interaction (1) - (4) between components of charge mix with formation of metal nickel,
nickel carbide Ni3C and also silicates 2Ca0O-Si02, CaO-Si02, 2Ca0-Al1203-6Si02 in the field of the
studied temperatures (673-18730 K) thermodynamic are possible because ;

- reactions of solid-phase interaction (3) with formation of silicate of calcium 3Ca0O-2Si0O2 and nickel
carbide Ni3C in the range of temperatures 673-18730 K thermodynamic are possible;

- reactions of solid-phase interaction (5) and (6) with formation of silicates of calcium CaO-SiO2,
2Ca0-Si0O2 and cobalt carbide Co2C in the range of temperatures 673-18730 K thermodynamic are
possible.

Conclusions:

It is revealed that in the conditions of sintering process the heating of charge materials to the
maximum temperatures of a zone of fuel burning is carried out for very short time. At the same time the
practical value has the interaction between solid phases in an initial stage. Presence at composition of
furnace charge of sintering process nickel-cobalt ore and internal overburden breeds of coal mining in
number of 10% to the phosphorite weight on the equations (1) — (7) reduces melting temperature on 323-
3730 K and makes favorable impact on structure of the received sinter, increasing its strength
characteristics on 10-15%.
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®OCPATTHI-KPEMHUMAJII YCAKTHI ®JIIOCTEYIII KOCIAJIAPMEH ATJIOMEPAITUSJIAY
MYMKIHAITTH TEPMOJUHAMMKAUJIBIK 3EPTTEY

Annoranusi. DocdarTe-KpeMHUITI yCaKTHl (IrocTeymni KOocHalapAblH KATBICYBIMEH —arjioMeparisiiay
YpIOiCiHIEe MYMKIHZIri aca >KOFapbl peakIsUIapIblH JKYPYiHIH TEpMOIUHAMHKAIBIK MYMKIHIITT 3€pTTEIi.
OmocTeymni Kocmanap peTiHAe KOHIUIHMSIB eMeC HHUKENb-KOOAbT KYpamIbl KeH MEH iIKi Ka30a JKbIHBICTBIP
HavgaIaHbUIIbL.

Ni sxone Co Kypamapl KOMIIOHEHTTEp PEaKIHSCHIHBIH JKYPYi VIIIH iIIKi Ka30a >KBIHBICTAPBI MEH KOKC YCaFbl
KYpaMBIHIAFbl KOMIPTEKTiH J>KaHYbl eceOiHeH TeMIlepaTypaHbl KOTepy KEpeKTiri aHBIKTalAbl. ATIOMEpaIusiIbl
MIMXTaHbIH KypaMmblHAa (urocteynn KocnanapablH (ocdoputTiH canmarbsiHa KaTtbicTel 10 % wmemmepae 6oyl
Makanxaga KelTipiireH keibip peakuusutblpany Oanky TemmeparypachiH 3230 K — 3730 K azaiitamsrl skoHE OHBIH
6epikTik KacueTiH 10-15%-Fa xKoFapbliaTa OTHIPBII ANBIHATHIH arJIOMEPATTHIH KYPBUIBICEIHA KOJIAIIIBI 9Cep eTei.

Tyi#lin ce3mep: TepMOIMHAMHUKAIBIK 3epTTey, [ HMOOC SHEpruscH, TeMmepaTypa, OOKaMABI peakIusiap,
(hrocTeHTeH ariomepat, GIFCTeyI Kocmanap.
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TEPMOJNHAMHUYECKOE HCCJIEIOBAHUE BO3MOKHOCTH AI'VTIOMEPALIANA
DPOCPATHO-KPEMHUCTOU MEJIOYH C ®JIIOCYIOIIUMHA JOBABKAMU

Annotanus. [IpoBeneHo nccneoBaHie TepMOIMHAMUUECKOI BEPOSITHOCTH IPOTEKaHUsI HanOoJiee BO3MOMKHBIX
peakuuii B mpouecce ariomepanuu (GocaTHO-KPEMHHCTOH MEJIOYM B NPHCYTCTBHU (UIIOCYIOmNX J00aBok. B
KayecTBe (rocyromux 100aBOK HCIIOJB30BAINCH HEKOHJWIMOHHBIE HUKENb-KOOANbTCOAEpXKAIUe pyAbl U
BHYTPEHHHUX BCKPBILIHBIX TOPOBI YIIIEA00bIMH OYPBIX YIIIEH.

YCTaHOBIEHO, YTO Uil MPOTEKAHHUS PeaKuu KOMIOHEHTOB cojepxamux Ni u Co HeoOXOIUMO MOJHSTH
TEMIIEPATypy 3a CYET CrOpPaHUsl Yriaepoja B BHYTPEHHHUX BCKPBIIIHBIX MOPOA U MEJIOYHM KOKCa. BBISBICHO, 4TO
MPUCYTCTBUE B COCTAaBE ariiOMEpallMOHHON MIMXThI Qutocytomux n06aBok 10% k Becy ¢ocdopurta B HEKOTOPHIX
MIPUBEJCHHBIX B CTaThe XMMUYECKUX PEAKLUH CHIKAaeT TeMmnepaTypy mwiasinerus Ha 3230 K — 3730 K u oxa3siBaeT
OnarompusTHOE BO3JCHCTBHE Ha CTPYKTYpy [MOJy4aeMOro arjiomMepara, YBEIWYMBash €ro IMPOYHOCTHBIC
xapakTepucTuku Ha 10-15%.

KaroueBble ciioBa: TepMOJMHAMHYECKOE HCCIleOBaHue, SHeprust [ ubOca, TeMieparypa, BEposITHbIE PEaKIHH,
odrocoBaHHBI arnmomepar, Qirocyromnye 100aBKH
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NEW NANO-SIZED (NANOCLUSTER) COBALT- CUPRATE -
MANGANITES OF LANTHANE AND ALKALINE METALS
AND THEIR X-RAY DIFFRACTION STUDY

Abstract. The search for new combined manganese, copper and cobalt-containing nanomaterials and the study
of their properties is quite interesting for inorganic materials science, especially for microelectronics. Interest in such
compounds is due to the polyfunctionality of the demonstrated properties and the flexibility of the composition,
allowing many elements of the periodic system to be adopted.

Cobalt-cuprate-manganites of the composition LaMe',CoCuMnO, (Me' — Li, Na, K) were synthesized by
ceramic technology of lanthanum oxide (III), cobalt oxide(Il), copper oxide (II), carbonates of manganese (III),
lithium, sodium and potassium in the interval 800-1200 °C. After every 100 ° C the formulations were cooled,
rubbed and reheated. To obtain equilibrium phases at low temperatures, low-temperature annealing was carried out at
400 °© C for 10 hours. Their nanoscale (nanoclusters) particles were obtained by grinding on a vibrational mill from
Retsch (Germany) of the brand "MM301". The dimensions were determined on an electronic microscope JSPM-5400
Scanning Probe Microscope "JEOL" (Japan). Prepared nanoparticles (nanoclusters) compounds of the size of 40-90
nm. X-ray phase analysis of new compounds was carried out on a DRON-2.0 unit. The analytical method of X-ray
indications is established that the synthesized nanoscale new phases are crystallize in cubic syngony with the
following lattice  parameters: LaLi,CoCuMnO, — a=11,33£0,02 A; V°=256320+0,06A%; Z=4;
V01 ca1=640,80+£0,02A°%; px oy = 4,0 g/em’; LaNa,CoCuMnOg — a=14,43+0,02 A; V°=3005,5+0,07A%; Z=4; V° .l
=751,3840,02A% px.ray. = 3,86 g/ em’; LaK,CoCuMnOy — a=14,90+0,02 A; V°=3306,90+£0,06 A’; Z=4; V° 4.
:826,52i0,02A3 ; PXeray. = 3,08 g/ cm’. Based on X-ray phase analysis, it can be assumed that the nanoscale cobalt-
cuprate-manganites obtained are related to the space group Pm3m.

Key words: cobalt, cuprate, manganite, lanthanum, alkali metals, synthesis, nanoparticles, radiography.
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HOBBIE HAHOPA3SMEPHbBIE (HAHOKJIACTEPHBIE) KOBAJIBTO-
KYIIPATO-MAHI'AHUTBI TIAHTAHA U IHEJTOYHBIX METAJIJIOB
N UX PEHTTEHOI'PA®UYECKOE UCCJIEJOBAHUE

AHHOTaIIHﬂ. Ilonck HOBEIX COBMCIHICHHBIX MapraHen, Meab H KO6aJ'II)TCOH€p)KaHII/IX HaHOMAaTCpuaJioB H
HN3Yy4YCHUEC UX CBOICTB MMpeaACTaBJIsACT Ol'IpeI[eJ'IeHHHﬁ HUHTEpPEC 1 HCOPIraHMYICCKOT0 MATEPpUATIOBEACHU S, 0COOEHHO
JJIs1 MUKPODSJICKTPOHUKH. I/IHTepec K HO,HO6HLIM COCIUHCHUAM O6YCJ'IOBJ'IGH HOJ'II/I(I)yHKIII/IOHaJ'II)HOCTI)IO JACMOHCTpH-
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PYEMBIX CBOIMCTB M THOKOCTBIO COCTaBa, IIO3BOJISIONINIA MPUHIMATh MHOTHE 3JIEMEHTHI IEPHOJIMYECKON crcTeMBl. 1o
KepaMU4ecKoi TexHojoruu u3 okcuaoB nantana (II1), kobansra (I1), meaun (I1), mapranma (IIT) u kapGoHaTOB NHUTHSA,
Hatpus W Kammt B uHTepBae 800-1200 °C cuHTe3WpOBaHBl KOOATBTO-KYNPAaTO-MAaHTAHUTHI COCTaBa
|[LaMe',CoCuMnO, (Me' — Li, Na, K). Yepe3 kaxzasie 100 °C coCTaBbl OXJIaXkIaliCh, NIEPETHPATHCh U 3aHOBO
HarpeBasuch. J[Is MOTy4eHUs pPaBHOBECHBIX (a3 MPH HHU3KUX TEMIepaTypax MPOBOIMIN HHU3KOTEMIIEPATypPHBIH
omkur mpu 400 °C B Teuenune 10 yacos. M3MmenpueHHeM WX Ha BHOpAIWIIOHHOW MenbHHIE Kommnanwum Retsch
(I'epmanms) mapku «MM301» momydmnn ux HaHOpa3MepHBIE (HAHOKIACTEPHBIE) HYACTHIBI, pa3Mepbl KOTOPBIX
orpeJieNieHbl Ha AIeKTpoHHOM Mukpockorie JSPM-5400 Scanning Probe Microscope «JEOL» (SInonusi). [TomydeHbt
HAHOYACTHUIIBI (HAHOKJIACTEPhl) coeauHeHuil pasmepoMm 40-90 M. PeHTreHO(a30BbIil aHAIN3 HOBBIX COCTHHEHHUI
npoBoamir Ha yctaHoBKe JIPOH-2,0. AHanmuTHYeCKIM METO0M HHANIIMPOBAHUS PEHTTEHOTPAMM yCTaHOBJICHO, YTO
CHUHTE3MpPOBaHHbIE HAHOpPA3MEpHbIE HOBbIE (a3bl KPHUCTALUIM3YIOTCS B KyOWYECKOW CHHTOHHUHM CO CIEAYHOIMMHU
napamerpamu pemerkn: LaLi, CoCuMnOg — a=11,33+0,02 A; V°=2563,20+0,06A%; Z=4; V°,, ,.=640,80+0,02A°;
Ppesr. = 4,0 T/em’; LaNa,CoCuMnOy — a=14,43£0,02 A; V°=3005,5£0,07A%; Z=4; V°,,,,=751,38+0,02A°; poewr. =
3,86 r/em’; LaK,CoCuMnOg — a=14,90+0,02 A; V°=3306,90+£0,06A°; Z=4; V', ,,=826,52+0,02A% pper = 3,68
r/cm’. Ha OCHOBAaHHH DEHTreHO(A30BOr0 aHATM3a MOYHO IPEITONOKNTh, UTO MOTyYEHHBIE HAHOPA3MEPHbIE
KOOaJIbTO-KYIIPaTO-MaHTaHUTHI OTHOCSTCS K TIPOCTPAHCTBEHHOU rpymie Pm3m.

KioueBble ciaoBa: koOambT, KynpaT, MaHTaHWT, JAHTaH, INEJIOYHBIE METAJUIBl, CHHTE3, HAHOYACTHIIBL,
peHTreHorpadusi.

BBenenue. Kymparbl, MaHraHHWTBI, KOOQJIBTUTBI, HUKEIHUTHI PEIKO3EMEIbHBIX JJIEMEHTOB,
JOTIMPOBAHHBIX JIETKAMH OKCHJAMH INEJIOYHBIX W  MIEIOYHO3EMENBHBIX METaUIOB  O0IamaroT
YHUKQIBHBIMA  (PU3UYECKUMHA U (DU3UKO-XMMHUYECKUMH CBOWCTBAMH, KaK CBEPXITPOBOJHUKOBBIMH,
MOJIYITPOBOJHUKOBEIMH, a TakKe IMPEACTABIAIOT HHTEpEC KakK MaTepuajbl, HMEIOIIHE TUTaHTCKUE
(kKomoccanbHBIE) 3HAYEHHS] MAarHETOCONPOTHBICHHA, AMIICKTPUYECKOW NPOHHUIIAEMOCTH, YTO OYEHb
BaXKHO 1711 MUKPOSJIEKTPOHUKHU B KaYECTBE BELIECTB C BBICOKOU ONepaTUBHOM nmamsThio [1-16].

B Xwumuko-meramnyprudeckoM HHCTUTYTe WM. JK.AOuWIIeBa B TEYCHUE psia JIET HPOBOJISATCS
IeJIeHaNpaBlieHHbIE MCCIEeNOBAaHMS 110 CHHTE3y W U3YyYEHUIO (PM3NKO-XUMHUECKUX CBONCTB TBOMHBIX U
TPOWHBIX MaHTaHUTOB, XPOMHTOB, (DEPPUTOB, IMHKATO-MAHTAHUTOB, PE3yJIbTAThl KOTOPHIX 00OOIIEHHI B
MoHorpagwusx [17, 18].

OmnpeneneHHBIA HAYYHBIA W IPAKTHYECKUI HHTEPEC MPEICTABISIET MOTyUYeHHe TIEPOBCKUTONOTO0HBIX
COCMHEeHHH, TNe KOOaIbTHTHI, KyNpaThl M MaHTAHWUTHI TPEICTaBICHH B BHUAC €AMHON (Qa3bl, Kak
KOOAJIbTO-KyPaTO-MaHTaHUTHI.

C oroil menpl0 B JaHHOW paboTe MpEeNCTaBICHBI PE3yIbTATHl CHHTE3a W PEHTTEHOTPadHUISCKOTO
WCCIICJIOBaHUsI HOBBIX HAHOPa3MEPHBIX (HAHOKIACTEPHBIX) KOOAIBTO-KYIIPATO-MAHTAHUTOB COCTaBa
LaMe',CoCuMnOyg, rie Me' — Li, Na, K.

Metoasbl. Kepamuueckas TEXHOJOTHS, PEHTTeHO(A30BbI aHAIIN3, YIIEKTPOHHAS MUKPOCKOTIHSL.

PesyabTaThl uccienoBanuii. icxonHbeIME peareHTaMu IUIsl CHHTE3a UCIONb30Banch La,O5 (Mapku
«oc.4.»), Li,CO;, Na,COs, K,CO;, CoO, CuO, Mn,0; kBanupukanuu «4.1.a». TBepmoda3Hblii CUHTE3
MIPOBOJMIIM B3aMMOJCHCTBHEM BhITIeyka3zaHHbIX BemecTB mpu 800-1200°C B Teuenme 20 dHacoB ¢
MEPUOJUYECKUM OXJaXJIEeHUEM U meperupanuem cmeceil yepe3 100°C. HuzkoremmepaTypHBIA OTXKUT
cMmeceit mpoBoamu mpu 400°C B Teuenue 10 yacos.

Hanopa3smepHble YacTHIBI CHHTE3WPOBAHHBIX KOOANBTO-KYIIPaTO-MAaHTAaHUTOB CHHTE3WPOBAHHBIX
KOOAIbTO-KyNPaTO-MAaHTaHUTOB TONYyYalld HW3MElIbUeHHEM Ha BHOPAIMOHHOW MENbHHUIIE KOMITAHUU
Retsch (I'epmanus) mapku «MM301y». Pazmepbl u3MenbueHHBIX YaCTHUI] YCTAHABIMBAIU HA AJICKTPOHHOM
Mukpockornie JSPM-5400 Scanning Probe Microscope «JEOL» (SAnonwms). IlomydeHBl HaHOYACTHITHI
(manoxnacrepsl) oT 40 mo 90 BM. Hmke Ha pUCYHKE NMPUBEACHBI MX AJIEKTPOHHO-MHKPOCKOIIMYECKHE
CHHMKH.
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Pucynox — Onexrponnas muxpockonust LaLi,CoCuMnOg (a),
LaNa,CoCuMnOQg (6), LaK,CoCuMnOg (B)

Pentrenoda3opsiii anain3 o0pa3zoBasiiuxcs HaHo(a3 mpooauin Ha ycraHoBke JIPOH 2,0. Yciosus
cremin: CuK, — mnmydenne, Ni — ¢unstp, U = 30 kB, I = 10 MA, cKopocTh BpalieHHsl cCUeTYHKa 2
00opoTa B MUHYTY, Auana3oH mkaisl 1000 UMIyI6COB B CEKyHIY, IIOCTOSIHHAS! BpEMEHHU T= 5 ¢, HHTEpBal
yriaoB 20 or 10 mo 90 rpamycoB. MHTEHCHMBHOCTH IU(PPAKIMOHHBIX MaKCHMyMOB OLIEHHBAJIH IO
cTo0ampbHON — miKane. VHIumupoBaHWE pPEHTTEHOTpaMM TOJYYEHHBIX COCIWHEHHWH ITPOBOIMIIH
aHATUTHYECKUM MeToIoM [19].

Hwxke B Tabiuie npuBeneHsl pe3yibTaTbl WHAWLUPOBAHUS PEHTTEHOIPAMM CHHTE3HMPOBAHHBIX
COETMHEHUM.

Tabmuna — MEauupoBanue peHTreHoTpaMM K0OaIbTO-KyIpaTo-MaHTaHUTOB

1° d, A 10%/d* sxer. hkl 10%/d* pacu.
1 2 3 4 5
LaLi,CoCuMnOg
9 4,691 454 4 410 454 4
26 3,891 660,5 500 668,2
5 2,866 1217 631 1230
100 2,742 1330 550 1337
11 2,521 1573 553 1577
18 2,442 1677 651 1657
12 2,320 1858 653 1871
22 2,245 1984 831 1978
7 2,209 2049 832 2058
4 2,024 2441 931 2432
42 1,939 2660 10.0.0 2673
8 1,741 3299 775 3288
8 1,728 3349 10.5.0 3341
32 1,584 3985 10.7.0 3983
16 1,568 4067 12.2.2 4063
9 1,427 4911 12.6.2 4918
11 1,374 5297 14.1.1 5292
11 1,364 5375 14.2.1 5373
12 1,224 6675 10.10.7 6656
LaNa,CoCuMnOyq
24 5,569 3224 320 3224
7 4,490 496,0 420 496,0
19 3,862 670,5 511 669,6
100 2,736 1335 552 1339
14 2,315 1866 751 1860
17 2,236 2000 900 2009
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Ilpooonscenue mabauywt

1 2 3 4 5
51 1,932 2679 10.2.2 2678
8 1,876 2841 953 2852
5 1,846 2934 10.3.3 2916
5 1,715 3400 11.4.0 3398
36 1,581 4000 12.4.1 3993
14 1,565 4083 10.8.1 4092
3 1,501 4438 13.3.1 4439
15 1,373 5305 14.3.3 5307
11 1,360 5406 13.7.0 5406
12 1,264 6675 16.3.2 6671
12 1,217 6752 16.4.0 6746
LaK,CoCuMnOgq
21 3,868 668,4 520 668.,4
7 3,097 1042 630 1037
6 2,867 1216 641 1222
100 2,736 1336 730 1337
16 2,527 1566 644 1567
9 2,442 1677 830 1683
14 2,320 1858 900 1867
16 2,240 1993 921 1982
5 2,130 2204 844 2213
36 1,932 2679 10.4.0 2674
6 1,873 2850 11.1.1 2835
8 1,728 3349 980 3342
27 1,580 4006 13.2.1 4010
11 1,569 4062 1244 4057
11 1,373 5305 15.2.1 5301
7 1,358 5422 15.3.1 5416
8 1,229 6620 16.4.4 6638
12 1,222 6697 17.1.1 6707

Y I0BJICTBOPUTEIBHOE COTJIACHE 10%dsee, u 10%d,,. mOKa3bIBaeT KOPPEKTHOCTb PE3YJIbTaTOB
uHAunupoBaHus. Ha  OCHOBaHMM  WHAWMIMPOBAHUS  PEHTICHOIPAaMM  yCTAHOBJIEHO, 4YTO  BCE
CHHTE3UPOBaHHbBIE HaHOpa3MepHbIe (HaHOKJIACTEPHbIE) KOOAIbTO-KyIPaTO-MaHIaHUTBI KPHCTAJUIU3YIOTCS
B KyOMYeCKOH CHMHIOHHH CO CleAyroIuMK napameTpamu pemrerku: LaLi,CoCuMnOg — a=11,33+0,02 A;
V=2563,20+0,06A°; Z=4; V°,, ;. =640,80+0,02A°; poer. = 4,0 T/em’; LaNa,CoCuMnOg — a=14,43+0,02
A; V=3005,5+0,07A°; Z=4; V°,,,3.=751,38+0,02A%; ppeur. = 3,86 r/cm’; LaK,CoCuMnOg — a=14,90+0,02
A; V'=3306,90+0,06A% Z=4; V°,,,.=826,52£0,02A%; ppew. = 3,68 r/em’. Ha ocHoBamuu
peHTreHo(azoBoro aHamM3a TaKKE MOXHO IPEANONOXKHTh, YTO COCIUHEHHUS OTHOCSTCA K
MPOCTPAHCTBEHHOM rpymnmne Pm3m.

Ilo amanmormu [20, 21] npemmomoxuTs, uto mombl La’, Li", Na’, K' maxomarcs B meHTpax
3JIEMEHTapHBIX Y€K M MMEIOT KOOPAMHAIIMOHHBIE Yucia (K.4.) IO KUCIOPOAY, paBHbIe 12, a B y3max
3lIeMEHTapHbIX sueek HaxoasaTcs HoHel Co>", Cu” u Mn®", K.4. KOTOPEIX 1O KHCIIOPOLY PaBHEI 6.

B cBs3H ¢ HapacTaHWEM HOHHBIX pafuycos B psaay Li- — Na" — K’ taxoke HaOmonaeTcs yBenuueHue
napameTpa «a», 00beMOB KPUCTAIIMYECKUX PEIIETOK U 3JIEMEHTAPHBIX SUCEK.

BbiBobl. BriepBhle CHHTE3MPOBaHBI KOGANBTO-KYNpaTo-MaHTaHUTH cocTaBa LaMe';,CoCuMnOg
(Me' — Li, Na, K), mosydeHs! HX HaHOpa3MepHbIe (HAHOK/IACTEPHBIE) YACTHIIBI, METOIOM PEHTIeHOrpaduu
OIIpeJIeJICHBI TUI UX CUHTOHUU U ITapaMeTpPhl PEIETOK.

Paboma evinonnena coenacho 0ocoeopa, saxmiouennozo mexncoy KH MOH PK u Xumuxo-
Memannypeudeckum uncmumymom um. XK. Aouwesa no epanmy UPH AP05131317.
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JIAHTAH KOHE CUITLJII METAJIJAPJABIH ’KAHA HAHOOJIIHEM/II
(HAHOKJIACTEPJIIK) KOBAJIBT-KYIIPAT-MAHI'AHUTTEPI
7KOHE OJIAPJIbI PEHTTEHOTI'PA®UAJIBIK TYPTBIJIAH 3EPTTEY

AnHoTanus. JKaHa xocapyiackaH Maprasel, MbIC )KoHEe KOOaJIbTKypam/ibl HaHOMaTepuallapra i3JeHIC KOHE
OJlap/IbIH KacHeTTEpiHe 3epTTeysIep JKYpPrizy OelopraHHKajbIK MaTepHallaHy/la, SCipece MUKPOIJIEKTPOHUKA YIIIiH
eJIeyJIl KbI3bIFYIIBUIBIK TY/BIPa/IbL.

OcblHJall KOCBUIBICTApFa KBI3BIFYIIBUIBIK OJIap/bIH OeplireH KacHeTTepiHiH Mojau(yHKINOHAIABUIBIFEIMEH
JKOHE KYpaMIapbIHBIH IEPUOATHIK JKYHEHIH KOITEreH IeMEHTEePiH KaObLIIay HKeMIUTIriMEeH OaliTaHbICTHL.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Kepamukansik texaonorusmer ygantan (II1), ko6amst(I), meic (II), mapranern (III) TOTBIKTapbl MEH JWTHH,
HATpHil XkoHe Kanuil kapboHarrapeian 800-1200 °C apambikra LaMe',CoCuMnOg (Me' — Li, Na, K) xypams
KOOAJIbT-KyNpaT-MaHraHUTTEPl CHHTE3/IENIHII abIHIbI.

Op6ip 100 °C caiiblH KypamIap CybITBUIBII, apalacThIPbUIBII KOHE KaiiTa KbI3AbIpbULIbL. TemeH
TeMIepaTypaja Tene-teH ¢aszanap any yuid 10 carat 6oiibl 400 °C-Ta TOMEH TeMIepaTypabliK KbI3IbIpy Kypri3iiii.

Retsch (T'epmanus) kommanusceiHblH «MM301» Mapkanbl BHOPALMSUIBIK IUIPMEHIHAE YTITY >KOJBIMEH
oNap/bIH HaHoeeM T (HaHOKJIacTepJIiK) OemekTepi anbiuabl, «JSPM-5400» Scanning Probe Microscope «JEOL»
(SInoHwust) AMEKTPOHIBIK MUKPOCKOIIBIH/IA OJIAPABIH OJIIeMIep] aHBIKTa/IbL.

KocsuibicTapabie omrremMi 40-90 HM 601aThIH HAHOOOIIICKTPI (HAHOKIACTEP1) aJIbIHIBL.

Xana  xocwuibictapra  peHrreHodasansik  Tammay — JPOH-2,0  audpakromerpinie — Kacaibl
PentreHorpaMManapblH aHaJUTUKAIBIK SHICIIEH WHAWIMPIIEY OapbIChIHIA CHHTE3JICIIHIN aJIbIHFAaH HAHOOIIIEMII
*aHa (azanapAblH TOp KOpCeTKilTepi Kenecifiell KyOThIK CHHIOHHSAA KPUCTAIJAHATHIHBI —aHBIKTAJIIbBI:
LaLi;CoCuMnO, — a=11,3320,02 A; V’=2563,20£0,06A% Z=4; V', ,=640,80£0,02A% poer = 4,0 rem’;
LaNa,CoCuMnOg — a=14,43£0,02 A; V°=3005,5£0,07A%; Z=4; V',,,,=751,38+0,02A°; pe. = 3,86 rem’;
LaK,CoCuMnOg — a=14,90+0,02 A; V°=3306,90+0,06A% Z=4; V', ,=826,52+0,02A% poe = 3,68 r/ewmr.
Penrtrenodasansik Tajmay HeriziHae ajblHFAH HAHOOJIIEM[I KOOAIbT-KypaT-MaHraHUTTepAiH Pm3m KeHiCTIKTIK
TOTIKA JKaTaThIHBIH OOJDKayFa O0a bl

Tyitin ce3mep: KoOanbT, Kymnpar, MaHTaHWT, JIAHTaH, CUITUII MeTal, CHHTe3, HaHOOeIIIeKTep,
peHTreHorpadus.

Caeenus 06 aBTopax:

KacenoB bynar KynypoBuu — n.x.H., mpodecop, 3aBemylomuil 1abopaTopueil TepMOXUMHUECKHX IMPOLECCOB XHUMHUKO-
MeTaJuTypruueckoro HHeTutyTa uM. JK. Abuiesa, E-mail: kasenov1946@mail.ru, Tenedon (pabounit) 7212433516.

Kacenosa Illyra BymaroBHa — pA.X.H., mpodeccop, TNaBHBI Hay4yHbI COTPYAHHUK J1abOpaTOPUH TEPMOXHMHUYECKUX
nporeccoB XUMUKO-MeTaTyprudeckoro uHcrutyra uMm. K. A6umieBa, E-mail: kasenovashuga@mail.ru, tenedon (pabouwii)
7212433516.

CarunraeBa JKenucrynb lIMmaHranmeBHa — K.X.H., accol. Hpodeccop, BEAyIIMH Hay4HbIH COTPYIHHK J1ab0paTopuu
TEPMOXUMHUUYECKHX MPOLECCOB, XHMMHMKO-METAJUIypruueckoro HHCTUTYTa M. JK.AGuineBa, XHMMMKO-METaJUIyprHYeCKOro
uncruryta uM. XK. Abumesa, E-mail: kai_sagintaeva@mail.ru, tenedon (padounii) 7212433516.

Kyanpibexos EpOonar EpMexoBHY — MarucTp TEXHHMYECKHX HAyK, BEAyLIMH MHXKEHEp J1abopaTOpUM TEPMOXHUMHYECKHX
npoLeccoB XUMHUKO-MeTaTypruieckoro uHcturyta uM. JK.AGumieBa, E-mail: mr.erol986@mail.ru, tenedon (paboumii)
7212433516.

TyprybGaeBa Mepyept OpasranueBHa — PhD xummyeckux Hayk, mpemnomasaTenb llaBaomapckoro rocynapcTBEHHOTO
yuausepcutera uM. C. Topaiirsiposa, E-mail: azat-2000@bk.ru.

— 72 ——



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 3. 2018

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 3, Number 429 (2018), 73 — 78

Zh.I. Sagintaeva', B.K. Kasenov', Sh.B. Kasenova',
M.O. Turtubaeva’, E.E. Kuanyshbekov'
' — Zh. Abishev Chemical-Metallurgical Institute, Karaganda, Kazakhstan kasenov1946@mail.ru
? _ S.Toraighyrov Pavlodar State University, Pavlodar, Kazakhstan

SYNTHESIS AND X-RAY OF NEW NANOSIZED (NANOCLUSTER)
NICKELITE-CUPRATE-MANGANITES OF LANTHANUM
AND ALKALINE METALS

Abstract. The main tendency in the development of microelectronics is miniaturization and increase in the
speed of various devices. For storage devices, such as dynamic and static RAM, based on capacitive components
(capacitors), this means that as the size of the capacitor decreases, its capacitance must remain the same [1]..

The cuprates of REE are actively studied primarily as objects of high-temperature superconductivity (HTSC)
compounds, cathode materials and catalysts. Lanthanum nickelites are promising materials as fuel cell cathodes.

The problems of synthesis and X-ray analysis of new nano-sized nickelite-cuprate-manganites of the
composition LaMe,' NiCuMnO, where (Me'-Li, Na, K) are considered for the first time in this paper.

The nickelite-cuprate-manganites of the composition LaMe,'NiCuMnOg (Me — Li, Na, K) are synthesized by
solid-phase interaction in the range 800-1200 ° C from the oxides of lanthanum (III), nickel (II), copper (II),
manganese (III) and lithium, sodium and potassium carbonates. Their nanoscale (nanoclusters) particles were
obtained by grinding them on a vibratory mill "MM301" from Retsch (Germany). On the electron microscope
"JSPM-5400" Scanning Probe Microscope "JEOL" (Japan) their sizes are determined. By X-ray diffraction analysis
of compounds on the DRON-2.0 diffractometer and the indication of their X-ray diffraction patterns, analytical
methods were used to determine the types of syngony and the parameters of the grids of the synthesized new phases:
LaLi,NiCuMnOg (cub.) — a=13,83+0,02 A, 1°=2644,16+0,06 A°, Z=4, V°,;..;=661,04+0,02 A°, px ;.,=4,03 g/em’;
LaNa,NiCuMnOs (cub.) — a=14,19+0,02 A, 1°=2859,42+0,06 A°, Z=4, V° ,;.0=714,8620,01 A°, px ,=3,38 g/em’;
LaK,NiCuMnQOs (cub) — a=15,17+0,02 A, V°=3492,040,06 A°, Z=4, V° ,;.0=873,0£0,01 A°, px 1,y=3,70 g/em’.

Key words: nickelite, cuprate, manganite, lanthanum, alkaline metals.
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CUHTE3 U PEHTTEHOI'PA®U A HOBBIX HAHOPA3ZMEPHbBIX
(HAHOKJIACTEPHBIX) HUKEJIUTO-KYIIPATO-MAHI'AHUTOB
JJAHTAHA U HIEJIOYHBIX METAJIJIOB

AnHoTanusi: OCHOBHOM TEHAEHINEH B Pa3BUTUH MHUKPOAJICKTPOHHUKH SIBIISICTCS MUHHUATIOPH3ALIUS U yBEIHUC-
HHUE OBICTPOACHCTBHS PA3IMYHBIX YCTPOUCTB. [ 3aITOMHHAIOMINX YCTPOUCTB, BPOJE TUHAMUYIECKOM U CTaTHIEeCKOM
ONEpaTHBHONW NaMATH, OCHOBAaHHBIX HAa EMKOCTHBIX KOMIIOHEHTaX (KOHAEHCATOpax), 3TO O3Ha4aeT, 4TO IIpU
YMEHBILICHUU Pa3MepOB KOHIEHCATOPa BEIMYMHA €0 EMKOCTH JO0JIKHA OCTaBaThCs MpexHeit [1].
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Kymnpater P3D akTHBHO HCCIEIYIOTCS MIPEXK/IE BCErO KAk 00BEKTHI BBICOKOTEMIIEPATYPHOU CBEPXIIPOBOANMOCTH
(BTCII) coennHaeHMit, KaTOJHBIE MaTEPUANBI U KaTaTU3aTOPHI.

Hukenutel 1aHTaHa SBJISIFOTCS MEPCIEKTUBHBIMU MaTepHaiaMi B KAYeCTBE KaTOI0B TOILUTUBHBIX STYEEK.

B nanHOl pa®oTe BIepBblE PacCMaTPUBAIOTCS BOMPOCHI CHHTE3a M PEHTTeHOrpad)Mueckoro aHajin3a HOBBIX
HAHOPA3MEPHbIX HUKEIUTO-KYIPAaTO-MaHraHUTOB cocTaBa LaMe, NiCuMnOj rne Me' — Li, Na, K).

Teepaodasubivm B3aumonekicteueM B uatepsane 800-1200°C u3 okcupos nantana (I11), auxens (I1), meau (D),
mapranna (III) 1 xkapOOHATOB JWTHs, HATPHUS M KaJIUSl CUHTE3UPOBAaHbI HUKEIUTO-KYIPATO-MaHT'AHUTHI COCTaBa
LaMe,'NiCuMnOs (Me — Li, Na, K). IlyTem u3MenbucHHs HAa BHOPAIMOHHON MenbHMIE Mapku «MM301»
kommannu Retsch (I'epmanns) mosydeHsl WX HaHOpa3MepHBIE (HAHOKJIACTEpHbIE) dacTUIBl. Ha smexTpoHHOM
mukpockore «JSPM-5400» Scanning Probe Microscope «JEOL» (SInonwust) onpeneneHs! ux pasmepsl. [IpoeneHrem
peHTrenodazoBoro aHanmsa coeaunHeHuid Ha audpaktomerpe JJPOH-2,0 m mHAMIMPOBAaHWEM WX PEHTTEHOTPAMM
AHAJMTUYECKMM METOJIOM OINpPENENICHbl TUIBI CHHIOHMU U TapaMeTpbl PELICTOK CHHTU3UPOBAaHHBIX HOBBIX (a3:
LaLi;NiCuMnOg (ky6.) — a=13,83£0,02 A, 1°=2644,16+0,06 A’, Z=4, V°,,,,=661,04+0,02 A®, prerr=4,03 r/em’;
LaNa,NiCuMnOy (ky6.) — a=14,19+0,02 A, 1°=2859,42+0,06 A, Z=4, 1°,,,,,=714,86+0,01 A’ ..., =3,38 r/em’;
LaK,NiCuMnOs (ky6.) — a=15,17+0,02 A, 1°=3492,0+0,06 A°, Z=4, 1, ,,=873,040,01 A’, per:=3,70 T/cM’.

KaioueBble ci10Ba: HUKEIUT, KYNPaT, MAHTaHUT, JIAHTAH, EJIOYHbIC METAIUIBL.

CrokHBIE OKCHIIBI ITepeXOoAHbIX 3d- 1 4f-371eMEHTOB CO CTPYKTYPOH MEPOBCKUTA MM OJHM3KHE K HEH,
KaK MaHTaHWUTBI, HHUKEJIWTHI, HHUKEJIAThl M KYINpaTrbl pPEeAKO3EMETIbHBIX 3JIEMEHTOB, JETHPOBAaHHbBIE
OKCHJAMH{ IIEJOYHBIX M IIEIOYHO3EMENIbHBIX METAJUIOB, Ojarojgaps HaJIWYMIO IPEKPacHBIX (QHU3HUKO-
XMMHYECKUX  CBOMCTB, Kak OONbIIME  BEJIMYMHBI  INEKTPONPOBOAHOCTH,  JAUDIIEKTPUUECKOU
MPOHUIIAEMOCTH, TOJYNPOBOAHUKOBBIN XapakTep MPOBOJUMOCTH, MAarHUTHBIE M CBEPXIPOBOISIINE
cBoticTsa [1-16].

B nabopatopun TEepMOXUMHYECKHX MPOLECCOB XHUMHKO-METALTYPrHUECKOro HMHCTUTYTa uM. XK.
AGwuieBa MpoOBOAATCA CUCTEMATUYECKUE UCCIEAOBAHUS M0 CUHTE3Y U U3YUYEHUIO KPUCTAIUIOXMMHUYECKHX,
TEPMOJMHAMUYECKUX U  3JIEKTPOMU3UUECKUX CBOMCTB MAaHTAaHUTOB, XPOMHUTOB M  (eppuTOB,
JIOTIMPOBAHHBIX OKCHJAMH ILIEIOYHBIX M LIEIOYHO3EMENbHBIX MeTaioB. Ilo pe3ynpTaraM uccrnenoBaHui
OIyOJIMKOBAaHBl MHOTOYMCIICHHBIE CTaThH B PELEH3UPYEMBIX JKypHAJlaX C HEHYJECBBIM HMIIAKT-
(baxTOpamMu, MOJyUCHBI Pl OXPAHHBIX AOKYMEHTOB M OCHOBHBIE PE3yJbTaThl OOOOIICHBI B CIEAYIOIINX
pabotax [17, 18].

i HeopraHW4ecKoro MaTepHaIOBEACHHS, XHMHUHU M TEXHOJOTMH MOJU(PYHKIIMOHAIBHBIX
COCIMHEHUH MMEEeT, Ha Hall B3MVIAJ, OIpPEICICHHOE 3HAUCHHWE IIOJyYCHHE HUKEIMTOB, KYIIPAaTOB H
MaHTaHUTOB B OJJHOM KOMIUIEKCE, KaK HUKEITUTO-KYIPaTO-MaHT'aHUTOB.

Jdnst  pemieHust 3TOro Bompoca B JaHHOW paboTe TpUBEACHBI pe3yibTaThl CHUHTE3a U
peHTreHorpaMueckoro aHalnM3a HOBBIX HAHOPA3MEPHBIX HHUKEIMTO-KyIpaTO-MaHI'aHUTOB COCTaBa
LaMe,'NiCuMnOg rae Me' — Li, Na, K).

g cuHTe3a yKa3zaHHBIX COETUHEHMH HCTOoNb30Baiuch okcua jantana (I1I), mapku «oc.4.», oKCHUAbI
aukens (1), megu (II), mapranma (III), xkapOoHATHI JAUTHS, HATPHUS, KU KBaTU(UKAINHM «U.]1.a.»,
CTEeXHOMETPHUYECKHE KOIMYECTBA MX B Mepepacyere Ha QOpMyJbHbIC €AWHHIBI TOJy4aeMbIX HUKEIUTO-
KyIPaTo-MaHTaHUTOB TIIATENbHO TEepEeMEIINBAINCh M MepeTHpainch. i mony4eHnss yCTOHYMUBBIX NPHU
HM3KOH TeMIieparype Moaudukanuii npoBoauin omxkur cmecei npu 400°C B Teuenue 10 yacos.

Hanopa3mepHble (HaHOKIACTEpHbIE) YAacCTHULBI CHUHTE3MPOBAHHBIX HUKEIUTO-KYNpPaTO-MaHTaHUTOB
MOJTydalnu H3MeNIbYeHHEM IONIMKPUCTAIUIMYECKUX OOpas3loB Ha BUOpainoHHOW MenbHHIE «MM301»
xomnanuu Retsch (I'epmanust). Pazmepsl HaHOKIIACTEPOB ONPENEIHBI C UCIONb30BAaHUEM JIEKTPOHHOTO
Mmukpockona «JSPM-5400» Scanning Probe Microscope «JEOL» (Snonwust). IlomydeHsl HaHOYAaCTHUIIBI,
HaHOKIacTepel pasmepamMu oT 50 mo 150 wmM. Hmxke Ha pHucyHKEe THpUBEICHBI 3JIEKTPOHHO-
MHUKPOCKOIINYECKHE CHUMKH COEIMHEHHH.
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Pucynok - Dnexrponnas mukpockonus LaLi,NiCuMnOg (a), LaNa,NiCuMnOg (6), LaK,NiCuMnOg (B)

PenTtrenorpagudeckoe uccieI0BaHUE HAHOPA3MEPHBIX 00Pa3IOB MPOBOAWIN Ha ycraHoBke JIPOH-

2,0. HHTEeHCUBHOCTH

,Z[I/I(bpaKI_II/IOHHBIX MaKCUMYyMOB

OLCHUBAIIN  IIO

100 OaiuipHOM MIKAJIE.

WnannnpoBaHne peHTTeHOTpaMM HOBBIX HAHOPA3MEPHBIX COEAMHEHWH TPOBOIMIN aHATUTHYECKUM

MeroaoM [19].

B Ta6J'II/II_Ie MPUBCACHBI PC3YJIbTAThl MHAULUPOBAHUA NTOJTYYCHHBIX HOBBIX (1)33.

Ta6n1/111a - HHZ[I/IIII/IPOB&HI/IC PEHTICHOI'PAaMM HUKEJIUTO-KYyIIPpATO-MaHTaHUTOB

/1° d, A 10%/d%, e, hkl 10%/d aen.
1 2 3 4 5
LaLiZNiCuMnO(,
20 4,777 4382 400 438,0
28 3,862 670,5 500 684,7
100 2,721 1351 700 1342
14 2,522 1572 722 1561
11 2,431 1692 651 1628
11 2,321 1856 820 1862
21 2,235 2002 830 1999
20 2211 2046 751 2054
19 2,071 2332 920 2328
33 1,932 2679 853 2684
20 1,911 2738 10.0.0 2739
10 1,720 3380 11.1.1 3369
27 1,580 4006 11.5.0 3999
25 1,565 4083 10.7.0 4081
11 1,465 4659 13.1.0 4656
7 1,422 4945 10.9.0 4957
9 1,371 5320 13.5.0 5313
10 1,220 6719 1542 6710
8 1,210 6830 10.10.7 6819
LaNa,NiCuMnOyq
21 3,862 670,5 510 670,0
5 3,599 772,0 521 773,7
6 3,458 836,3 440 8252
5 3,061 1067 621 1057
100 2,735 1337 640 1341
10 2,520 1575 650 1573
14 2,4310 1692 811 1702
11 2,324 1851 660 1857
7 2,201 2064 840 2063
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Ilpooonscenue mabauyut

1 2 3 4 5
10 2,102 2263 664 2269
47 1,9300 2685 862 2682
4 1,8550 2906 870 2914
8 1,736 3318 881 3327
9 1,718 3388 11.3.1 3378
36 1,582 3996 975 3997

LaK,NiCuMnOg

14 3,865 669,4 520 669,0
100 2,742 1330 730 1339
15 2,526 1567 644 1570
12 2,420 1708 750 1708
13 2,329 1844 840 1847
18 2,240 1993 655 1985
15 2,094 2281 755 2285
35 1,935 2671 10.4.0 2678
4 1,858 2897 10.5.1 2908
5 1,730 3341 12.1.0 3347
28 1,582 3996 12.5.2 3993
9 1,479 4572 13.5.2 4570
4 1,263 6269 16.4.0 6279
10 1,224 6675 17.0.0 6671
4 1.210 6830 16.6.2 6832

VIOBIETBOPHTENBHO ~COTTIACHE OMBITHBIX M pacueTHbIX 3Hadenmit  10Y/d®  moxrsepimaer
KOPPEKTHOCTh Pe3yIbTaTOB WHAWIMPOBAaHUSA (Tabnmua). Ha ocHOBaHWM MHIUITMPOBAHUS PEHTTEHOTPAMM
HOBBIX HaHOPa3MEPHBIX (HAHOKJIACTEPHBIX) (a3 yCTaHOBJICHO, YTO OHH KPUCTALTU3YIOTCS B KyOWYecKOM
CHHTOHHM CO CIeAYIOIIMMH mapamerpamu pemerkd: LaLi,NiCuMnOg — a=13,832£0,02 A,
1’=2644,1610,06 A°, Z=4, V°,,,,=661,04+0,02 A®, pewr=4,03 r/ecm’; LaNa,NiCuMnOg — a=14,19+0,02
A, 1°=2859,42+0,06 A’, Z=4, V°,,,,=714,8620,01 A’, peur=3,38 r/em’; LaK,NiCuMnOg — a=15,17£0,02
A, 1°=3492,0+0,06 A’, Z=4, V°,,,,=873,040,01 A’, p,.x=3,70 r/cMm’. Cormacuo [20, 21] MoxHO
npeamosorats, uro uonsl La’ 1 Me” (Li", Na*, K*) Haxo1sTcst B IGHTpax 3IeMEHTapHbIX SUCeK U HMEIOT
KOOpPJIMHAIIMOHHBIC Yucia (K.94.) 0 KUCIOpPOay, paBHBIC 12, a B y3j7axX 3JEMEHTAPHBIX SYECK HAXOIATCS
wonsl Ni**, Cu> 1 Mn®", k.4. KOTOPBIX 0 KHCIOPO/TY PaBHBIC 6.

HabmomaeTcst 3akOHOMEPHOCTB, KOTOpas 3aKII0YaeTCsl B TOM, YTO C YBEIMYCHHEM HOHHBIX PaTUyCOB
B psany Li—>Na—K Takke Bo3pacTaroT 3HaYeHUsI TapaMeTpoB peteTku (a, Vo, Voo, ).

Pesromupys BBIIEU3I0KEHHOE MOXKHO CKa3aTh, YTO BIEPBBIE METOIOM KepaMHUYECKOH TEXHOJIOTHH
CHHTE3MPOBAHbI HUKEITUTO-KyNpaTo-MaHraHutel LaMe,'NiCuMnO, (Me' — Li, Na, K), momyuensl, ux
HaHOpa3MepHbIe (HAHOKIIACTEPHBIC) YACTHIIBI, OTPECIICHBI TAKXKE UX MapaMeTPhl PEIICTOK.

Paboma evinonnena coenacho 0ozoeopa, saxnmouennozo mexcoy KH MOH PK u Xumuxo-
Memannypeudeckum uncmumymam um. XK. Abuwesa no epanmy (MPH: AP05131333).
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JK.W. Carpiaraesa’, B.K. Kacenos', II.B. Kacenoa',
M.O. Typry6aesa’, E.E. Kyanbim6exos'

1 - K. ©O06imeB aTeIHAAFBl XUMUSA-METATYyPrusi HHCTUTYTHI, KaparaHasl K.
2 — C. TopaiirbipoB aTbiHarb [1aBnonap memiiekeTTik yHuBepcuteti, [laBnoap k.

KAHA HAHOOJIHIEMI (HAHOKJIACTEPJIIK)
HUKEJUT-KYINPAT-MAHI'AHUTTEPAIH CUHTE3I ’KOoHE PEHTTEHOI'PA®USCbI

AHHOTanusi. MUKPOAJIEKTPOHUKAHBIH JaMybIHIaFbl HETI3r1 TEHAEHIMs OOJbBIN TYpii KYpbUIFbIIApAbIH
TE39CePEeTyiH YWIFAUTyY MEH OoJlapbl MUHHUATIOPU3AIUSIIAY OOJBIN TaObLTAIBI.

JMHAMUKANBIK JKOHE CTATHKAJIBIK ONCPATUBTIK JKaJgbUlap CHSAKTHI CHIMBIMABUIBIK  KOMIIOHEHTTEpre
(koHIOEHCATOpIApFa) HETI3IENTeH JKaAblla cakray KYpBUIFbDIapAa Oyl JereH KOHICHCATOPHABIH — OJIeMi
KILIPEUTUIreH Ke3/le OHbIH ChIMBIM/IBUIBIK [IaMachl OyphIHFbIIAl Kay Kepek [1].
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CXD xympatraper OopiHeH OYpBHIH >KOFapeITeMIepaTypaisl acKeiHeTKirimTi (JKTAO) yrarinep, kaTtonTs
MaTepualap *KoHe KaTaau3aTropiiap peTiHae OenceH i 3epTTeiny/e.

JlaHTaH HUKENUTTEPI )KaHy YSIIBIKTApbIHAA KaTOJ PETiHAE Kellelli MaTepuraiiap OoJbI TaObuiabl.

Bepinren sxympicta amFam per LaMe, NiCuMnO, mynnarst Me' — Li, Na, K) Kypambsl skaHa HaHOeJIEMI
HHUKEJIUT-KyIpaT-MaHIaHUTTEP/IH CHHTE31 )KoHe PeHTIeHOrpa(usIIBIK Taliay CypaKkTapbl KapacThIPbLIFaH.

Jlaatan (III), mumkens (II), meic (II), mapramen (III) TOTBHIKTaphl >KOHE IHTHUH, HATPHUHA KOHE KalIHd
KapOOHATTAPBIHBIH KATThI (ha3asibl opexertecyi apkbuisl 800-1200°C apansikta LaMe, NiCuMnO, (Me — Li, Na, K)
Kypam/JIbl HUKEINT-KyIIpaT-MaHTaHUTTEP] CHHTE3AEIHII albIHIbI.

Retsch (I'epmanmsi) kommanusichiHbH «MM301» Mapkaisl BHOpAlMsUIBIK JHIPMEHIHJE YTITY JKOJIBIMEH
OJIap/IbIH HaHO®JIIIeM/ T (HAaHOKJIACTEPIIiK) OOJIIEeKTepl albIHAbIL.

«JSPM-5400» Scanning Probe Microscope «JEOLy» (SImoHwusi) 37€KTPOHIBIK MHKPOCKOMBIHIA OJapJIbIH
oJImeM/Iepi aHBIKTAJIBL.

JPOH-2,0 mmdpakToMeTpiHAe KOCBUIBICTapFa peHTreHo(haszalblK Tajmay >KYpri3ingli KoHE OJapHablH
pEeHTreHorpaMMallapblH  aHAJIUTHUKAIBIK OMICIIEH WHIULIMpJEY OapbIChlHIA CHHTE3/CNIHIN JIbIHFAaH JKaHa
(azanapAblH CHHTOHHS TUIIi MEH TOp KepceTkimTepi ambikTammsl: LalLi,NiCuMnOg (xy6.) — a=13,83%0,02 A,
1°=2644,16+0,06 A®, 7=4, V°,,,,=661,04+0,02 A’ p,..:=4,03 r/cm’; LaNa,NiCuMnOg (ky6.) — a=14,19+0,02 A,
1°=2859,42+0,06 A®, Z=4, 1°,,,,=714,8620,01 A®, ppern=3,38 r/em’; LaK,NiCuMnOy (ky6.) — a=15,1740,02 A,
1°=3492,0+0,06 A°, Z=4, 1°,,,,=873,0£0,01 A’, pess =3,70 r/cw’.

Tipek ce31ep: HUKEINT, KylpaT, MaHTaHUT, JJAHTaH, CUTITIJII MeTaap.
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THE MECHANISM OF COMPOUND OF CHEMICAL ELEMENTS
FOR THE TABLE OF D.I. MENDELEYEV AND THE VIRTUAL
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Abstract. It is asked creations of the virtual interactive laboratories with obviousness of deep mechanisms of
chemical reactions at the atomic level in inorganic chemistry.

On the basis of a research practical use of results of the virtual laboratory operated (interactive) with
visualization and animation of mechanisms course of processes, on inorganic and organic chemistry are planned.
Will be applied to upgrading of tutoring, big saving of time (about 60% for assimilation of a subject), to self-
contained carrying out research works, to development of creativity of students. The product will be used all system
of secondary education (schools, lyceums, gymnasiums), all system of the higher education where study chemistry,
research institutes and laboratories and also food, chemical, pharmaceutical, other technological industries.
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MEXAHU3M COEJUHEHUS XUMHNYECKHNUX JIEMEHTOB TABJINL BI
JMN.MEHJAEJEEBA U BUPTYAJIbBHAA NTHTEPAKTUBU3ALIUA
B IIPOI'PAMMHOM CPEJIE FLASH-CC, JAVA SCRIPT

AnHotanusi. CTaBUTCS BOIPOC CO3JAHHS BHUPTYAIbHBIX HHTEPAKTUBHBIX JIA0OPATOPHUHM C HATISHOCTBHIO
IyOMHHBIX MEXAaHU3MOB XUMHYECKUX PEAKIMii Ha aTOMapHOM YPOBHE 110 HEOPTaHUYECKOH XUMHUH.

Ha ocHOBe uccienoBaHus IUIAHUPYIOTCS MPAKTUUECKHE MMPUMEHEHHS PEe3YJIbTATOB BHPTYaIbHO-YIIPABISIEMON
(uHTepakTUBHAsT) JA0OpPATOPHM C BHU3yallU3aluell W aHUMAlMeil MEXaHW3MOB TMPOTEKAHUSI MPOLIECCOB, IO
HEOPraHUYEeCKOH M OPraHWYecKOW XUMHH. ByOyT HPUMEHSTHCS AJsl TOBBILIEHHS KadecTBa OOydeHus, OONbIIOH
SKOHOMHH BpeMeHH (0kosio 60% Ha yCcBOEGHHE MpeaMeTa), sl CAMOCTOSATENIFHOTO IPOBEACHUS HCCIEI0BATEIbCKIX
pabot, mus pa3BuTHs TBOpYecTBa oOydwaroimuxcs. IIpoaykr OyayT HCIONB30BaTh BCSI CHUCTEMa CPEIHETO
06pa30BaHI/lﬂ (HJKO.]'I])I, JINLICH, FI/IMHaSI/II/l), BCs CHUCTEMaA BBICIICTO 06pa3OBaHI/lﬂ rae nu3ydyaroT XUMUIO, HAYYHO-
HCCIICIOBATECIILCKUE HHCTUTYTHI W JIA0OPAaTOpPHM, a TaKKe IMHIICBas, XUMHUYECKas, (apMalleBTUYCCKas, IPyrue
TEXHOJIOTUYECKHUE UHAYCTPHUH.

KiroueBbie c10Ba: TEpUOIUYECKAs CUCTEMA DIIEMEHTOB, aTOM, 3JICKTPOH, MIPOTOH, HEWTPOH, aTOMHAsI Macca,
npuniun [aynm, npaBmio XyHua, opOHUTatb, JHEPTETHUECKUE YPOBHH, BAJICHTHOCTb,
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Beenenue.

Tlepronnueckuit 3aK0H — BeanYaiiliee JOCTHXKEHUE XMMUYECKOM HAYKH, OCHOBA BCEM COBPEMEHHOM
xumMud. C ero OTKPHITHEM XHMHS IepecTayia ObITh ONMUCATENBbHONW HAayKOW, B HEH CTaio BO3MOXKHBIM
Hay4HOE IIPEIBUJICHUE.

[lepuogmueckuii 3akoH oTKpHIT . M. MenneneeBbM B 1869 1. Yuenslit chopMynmnpoBai 3TOT 3aKOH
Tak: «CBOWCTBa TPOCTBIX TeN, Takke (OPMBI W CBOWCTBA COENWHEHHWH JIEMEHTOB HAXOAATCA B
MEePUOIUIECKOM 3aBUCUMOCTH OT BETUYMHBI aTOMHBIX BECOB 3JIeMEHTOBY[ 1, 2].

Bonee neranpHOE M3yueHHE CTPOCHUS BEIIECTBA TOKA3aJl0, YTO MEPHOANYHOCTH CBOWCTB 3JIEMEHTOB
00yCIioBIIeHa HE aTOMHOM MacCOM, a SJIEeKTPOHHBIM CTPOEHHEM aTOMOB.

3apan sapa  ABISAETCS XApPAKTEPUCTHKOW, OMPENESISIIONICH 3JICKTPOHHOE CTPOSHHE aTOMOB, a
CJIeIOBAaTeIbHO, U CBOWCTBA 3NieMeHTOB. [1loaToMy B coBpemeHHO# (hopmynupoBke [leproanueckuii 3akoH
3BYYHT TaK: CBOMCTBA MPOCTHIX BEIIECTB, a TaKKe (DOPMBI 1 CBOWCTBA COCTUHEHHN SIIEMEHTOB HAXOIATCS
B TEPHOJUYCCKON 3aBUCUMOCTH OT IOPSIKOBOrO HOMeEpa (OT BEIWYWHBI 3apsifa sapa WX aTOMOB).
Bripaxxenuem [lepnoanueckoro 3aKoHa SBISE€TCS MEPUOIUYECKAS CUCTEMA DIIEMEHTOB.

Ilepuoauyeckasn cucrema /I. U. MenaesneeBa

Ilepuonuueckas cuctema snemeHToB J[. V1. MeHneneeBa COCTOMT M3 CEMH IEPUOJIOB, KOTOPHIE
MPEJCTABNIAIOT CO00M TOPU30OHTAIbHBIC IOCIEIOBATCIBHOCTH 3JCMEHTOB, PACIOJOXCHHBIC 110
BO3pacTaHUIO 3apsiga ux aromHoro sapa. Ilepuonsr 1, 2, 3, 4, 5, 6 cogepxaT cooTBeTcTBeHHO 2, 8, 8, 18,
18, 32 snmemenrta. Ceapmoii nepuos He 3aBepineH. [lepuonbl 1, 2 u 3 HaA3BIBAIOT MaiblMu, OCTATLHBIC -
oMU,

Kaxnpiii mepuos (3a UCKIIOUEHUEM TIEPBOT0) HAYMHACTCS aTOMaMH MieovHbIX Metamio (Li, Na, K,
Rb, Cs, Fr) u 3akanumBaercs OmaropomupiM razom (Ne, Ar, Kr, Xe, Rn), kotopomy mpenmiectByeT
TUMAYHBIA HEMeTaul. B mepwojax cieBa HampaBO IIOCTEIICHHO OCIA0EBAIOT METAJUIMUECKHE W
YCHJIMBAIOTCS HEMETAJUIMUYECKHE CBOMCTBA, MMOCKOJIBKY C POCTOM IOJIOXKHUTEIBLHOTO 3apsa sIep aTOMOB
BO3pacTaeT YUCIIO 3JEKTPOHOB Ha BHEITHEM YpOBHE [2].

B mepBoMm mepmome, Kpome Trenmusi, MMEETCS TOJIBKO OAWH JJIEeMEHT - Bogopoid. Ero ycmoBHO
pasmematot B A wim VIIA moarpymie, Tak Kak OH IPOSIBIISET CXOJICTBO U CO IICIIOYHBIMU METaJUIAMH, U
¢ raoreHamu. CXOJICTBO BOJIOPOJIa CO LISTIOYHBIMUA METaJNIAMU IMPOSBISIETCS B TOM, YTO BOJOPOJ, KaK U
IIeJTIOYHBIE METAJUIBI SBIISIETCS BOCCTAHOBUTENIEM M, OTIABas OJUH DJIEKTPOH, 00pa3yeT OIHO3apsAHBII
KatroH. boskle 001ero y Bogopoia ¢ raloreHaMu: BOJOPOJ, KaK U TaJoreHbl HEMETallI, €r0 MOJICKYJIa
JIByXaTOMHA, OH MOXET HPOSBISATH OKHCIUTEIbHBIC CBOMCTBA, 00pa3ys C aKTUBHBIMH METaJUIaMu
conenoo0HbIe THAPUILL, HanpuMmep, NaH, CaH,.

B dgerBepToM mepuoae Bciren 3a Ca pacrmoyiokersl 10 mepexoaHbIX 3JIEMEHTOB (Iekama Sc - Zn), 3a
KOTOPBIMU HaXOMSTCS OCTajJbHBIE 6 OCHOBHBIX 31eMeHTOB mepuona (Ga - Kr). AHanmoruuHo mocTtpoeH
nateid miepuon. [loHsTHE nepexodwwvli 271emenm OOBIYHO WCIONB3YyeTCs sl 0003HAYEHUsS JHOO0TO
dJIEMEHTa C BAJICHTHBIMU d— WK f—31eKTpoHamH.

IlecToit 1 cenpMoOii MEPUOIBI UMEIOT IBOMHBIE BCTaBKH 3JIEMEHTOB. 3a 3JieMeHToM Ba pacrnonosxeHa
BcTaBHas nekana d—anementoB (La - Hg), mpudem mociie mepBoro nmepexoaHoro anieMeHTa La cnenyrorl4
f—anemenToB - 1anmanoudos ( Ce - Lu). Ilocne Hg pacmonararorcs octambHbIe 6 OCHOBHBIX P-3JIECMEHTOB
mecroro nepuoja (T1- Rn).

B cenpMom (HE3aBepiieHHOM) niepuogie 3a Ac cienyrot 14 f—anementos-axmurnouoos (Th - Lr). B
nmocnenHee BpeMs La m Ac cTalM NPUYHCIATH COOTBETCTBEHHO K JIAHTAHOWZAM UM aKTHHOWIAM.
JlanTaHOWTIBI ¥ AKTHHOWIB! IOMEIIEHBI OTAEIHHO BHU3Y TAOIUIIBL.

Takum 00pa3oMm, KaxAbId DIEMEHT B MEPHUOIUYCCKON CHUCTEME 3aHHMAaeT CTPOTO OIPEIeIICHHOE
MOJIO’KEHHUE, KOTOPOE OTMEYACTCS HOPAOKOBbIM, UITH amoMHbiM, HOMEpoM [3].

B mepuoandeckoii cucTeMe 1Mo BEPTHKAIH pacmoiiokeHbl BoceMb rpym (I — VIII), koTopsie B cBOIO
odepennr NENATCS Ha TONTPYIIBI - 2ldeHbie, WIA TOATPYIIBI A W nobounvie, WM TOArpymnisl b.
Moarpynma VIIIB-ocobas, oHa COAEPKUT mpuadvl IEMEHTOB, COCTaBISIIOIIMX ceMeiicTBa kene3a (Fe,
Co, Ni) u mmatuaoBBIX MeTaiioB (Ru, Rh, Pd, Os, Ir, Pt).

CX0/ICTBO DJIEMEHTOB BHYTPH Ka)XI0W MOATPYIIIEI - Han0oJIee 3aMEeTHAS U BayKHAsE 3aKOHOMEPHOCTH B
MEPUOINYECKOM cucTeMe. B rimaBHBIX MOATPYIIAX CBEPXY BHU3 YCHMIIMBAIOTCS METaNIMYECKUE CBOUCTBA U
ocnabeBarT HeMeTalTndeckne. lIpu STOM TPOUCXOAWT YBEIWYEHHE YCTOWYMBOCTH COEIMHEHUH
3JIEMEHTOB B HU3IIEH ISl TaHHOW MOATPYTIITHI CTENIEHH OKUCIeHUS. B TOOOYHBIX moATpymnax — Ha000poT
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— CBepXy BHHM3 METaJUIMYECKHE CBONCTBA OCIA0EBAIOT W YBEIUYHMBACTCS YCTOMYHUBOCTH COCIUHEHHH C
BBICIIIEH CTEMEHBIO OKHCIICHHS.

Ilepuoauyeckasi cucreMa M 3JIeKTPOHHbIE KOH(UTypalliu aTOMOB

ITockonpKy IIPU XUMUYECKUX PEAKIUAX SApa PEarupyronux aToOMOB HE U3MEHSIIOTCS, TO XUMUYECKUE
CBOWCTBa aTOMOB 3aBUCST OT CTPOCHUS MX IIIEKTPOHHBIX 000JI0YEK.

3amonHeHne IEKTPOHHBIX CJIOEB U AJIEKTPOHHBIX 000JI0YEK aTOMOB MPOMCXOIUT B COOTBETCTBHU C
npunnunom [laymu u npasuinom XyHja.

[puanumn [Maynu (3amper [aymn)

JIBa syekTpoHa B aTOMe€ HE MOTYT HMMETh YeThIpe OJWHAKOBBIX KBAHTOBBIX UYHCIA (HAa KaXIOH
aTOMHOM OpOUTAM MOXET HAXOJAUTHCS HE 00JIee ABYX AJIEKTPOHOB).

[punnun I[Naymu ompenenser MakCUMaJbHOE YUCIO 3JIEKTPOHOB, O0JAMAIONIUX JAaHHBIM TJIaBHBIM
KBAHTOBBIM YHCIOM N (T.e. HAXOMSLIMXCS HA JaHHOM dJIEKTpoHHOM cioe): N, = 2n°. Ha mepsom
AIIEKTPOHHOM CJI0€ (PHEPTETHUECKOM YPOBHE) MOXKET OBITH HE OOJBINE 2 IEKTPOHOB, HA BTOPOM — 8, HA
TpetbeM — 18 U T. 1.

B arome Bomopoma, Hampumep, HMEETCS OAHWH OJIEKTPOH, KOTOPBIH HAaXOJUTCA Ha TEPBOM
SHEPreTUYecKOM ypoBHE B 1s — cocTossHnU. CITUH 3TOTO 3JEKTPOHA MOXKET OBITH HAIPaBJICH MTPOU3BOIBHO
(mg = +1/2 wmu mg = —1/2). Cnenyer MOAYEPKHYTH €IIe pa3, YTO MEPBbI SHEPTETHUECKHHA YPOBEHb
COCTOUT U3 OAHOTO MOAYPOBHA — 1S, BTOPON 3HEPreTUYECKUl YPOBEHb — U3 JBYX NMOIYPOBHEW — 2s U 2p,
TpeTuii — u3 Tpex moxaypoBHer — 3s, 3p, 3d u 1.1. [lomypoBeHB, B CBOIO OYepeb, CONEPKUT OpOUTAIH,
YKCJIO KOTOPBIX OMpPENeNsaeTcss moO0YHbIM KBaHTOBBIM umciaoM | u pasuo (21 + 1). Kaxmas opburais
YCJIIOBHO 0003Ha4aeTcs KIETKOW, HaXOJAIIMHCS HA HEH 3JIEKTPOH — CTPENIKOM, HampaBJIeHHE KOTOPOH
YKa3bIBaeT Ha OPHUEHTAIMIO CIIFTHA ATOTO AIIEKTPOHA.

PacronosxeHue CHMHOB —ompesensercs MpaBWwioM XyHZa, KOTOpOE TJAacHUT: 3alloJHEHHE
SHEPreTUYCCKUX YPOBHEH MPOUCXOAUT TAKUM 00pa30M, YTOOBI CYMMAapPHBIN CIIUH OBLT MAKCUMAJIBHBIM.

B aroMe kaxkmplii 37MEKTPOH 3aHWMAaeT CBOOOJHYIO OpOWTanbh C HanOojee HU3KOH SHEprHei,
OTBEYAIOIICH ero HanOoJbIlei cBsa3u ¢ sapoM. B 1961 r. B.M. KneukoBckuii chopMmynmpoBan odiee
MOJIO’KEHHUE, COTJIACHO KOTOPOMY SHEPIHsl SJIEKTPOHHBIX OpOMTaneld BO3pacTaeT B MOPSAKE YBETHUEHUS
CYMMBI TJIABHOTO M MOOOYHOTO KBAaHTOBBIX yucen (n + 1), mpuueM B ciiyyae paBeHCTBA ITHX CYMM,
MEHBIIEeH 2Heprueit o0mamaeT opOUTAIb ¢ MEHBIITUM 3HAYEHHEM TIIaBHOTO KBAHTOBOTO YKCia n [5, 7].

Onpeodenenue aneHmHocmu

CornacHo 1o 3JeKTPOHHBIM (opmyiam, Bce 3nemeHTsl VI A u VI B rpynn uMeror 3iaekTpoHHbIE
KOH(Uryparmn 3akondennsie Ha p' u d*°. B paMKax >IeKTPOHHOH TEOPHH BAIEHTHOCTh ATOMA
ompezAenseTcss Ha OCHOBAaHWH 4YHCIA HEMApHBIX DJJEKTPOHOB, KOTOPHIE YYacTBYIOT B 00pa3oBaHUU
3JIEKTPOHHBIX Map C SICKTPOHAMHU JPYTHUX aTOMOB.

B o0Opa3oBaHmM XMMHYECKUX CBSI3€H Y4YaCTBYIOT TOJBKO JJIEKTPOHBI, HAXOMSIIUECS Ha BHEIIHEH
oboiouke aroma. [lo3ToMy MakcHManbHas BaJIEHTHOCTh XUMHYECKOTO 3JIEMEHTA — 3TO YHCIIO AJIEKTPOHOB
BO BHEIIHEH 3JIeKTPOHHOM 000JI0YKE €ro aroma.

HUcxons u3 atoro, Bce aneMenTsl VI A u VI B rpynn nokaszeiBatot pasusie BageHTHocTr: 1L, 111, IV, V,
VL

A B ciyyasx 3THX TpeX 3JEMEHTOB MX BAJIEHTHOCTH OIPE/ENeTCs SBIEHHEM «IIPOCKOKa». SIBneHue
«TPOCKOKa» MPEACTaBIsACT COOOH CHUMBOJNMYECKOE IIEPEHECEHHE OJHOTO W3 JBYX BAaJCHTHBIX S-
JJIEKTPOHOB Ha d-TIOJypOBEHb, 4YTO OTPAKAET HEPABHOMEPHOCTh YICpXKaHHUS SAIPOM BHEIIHUX
JJIEKTPOHOB.

Onpeodenenue cnocooHocmu 6CMynamv 8 peakyuro dNeMeHma ¢ OpyeuMu 3IleMeHmamuy, NpuduHd
oecpanuyeHHocmu peakyuu xumudeckux snemenmos VI A u VI B epynn

Buewnum yposnem aToMa Ha3bpIBaeTCSl CaMBId JajJeKHil OT sSApa ypoBeHb, HA KOTOPOM eIle €CTh
9JIeKTpOHBI. FIMEHHO 3Ta 000J104Ka CONPHKAcAEeTCs MPH CTOJIKHOBEHHWH C BHEIIHMMH YPOBHSAMH APYTHUX
aTOMOB B XHMMHYECKUX peakuusx. llpu B3auMoJeHCTBHHM C APYTMMH aTOMaMH KHUCJIOPOJA CHocoOeH
MPUHATH 2 JOMOJNHUTENBHBIA DJEKTPOH Ha CBOW BHEIIHWH YpOBEHb. [Ipm 3TOM aToM KHCIOPOL
TIONTYYUT 3a68epUieHHbI, TO €CTh MaKCHMaJbHO 3allOJIHEHHBI BHEIIHWN JJIEKTPOHHBIM YpOBEHb, Ha
KOTOPOM pacroioxarcs 6 SIeKTpoHOB. W 3THUM OOBICHSETCS NpPUYMHA OTPAHWYCHHOCTH PEaKIUU
XUMHYECKUX 3IeMeHTOB. Mcxomst u3 aTtoro, mpaswia ['yHAa sIBIsSeTCS aHAIOTHYHBIM W JUIS BCEX
3JIEMEHTOB 3TOM TPYIIIIHI.
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XapakTepUCTHKU XUMHUIECKHUX 3JIEMEHTOB 3aKOHOMEPHO M3MEHSIFOTCSI B IpyNIax u nepuoaax [13].

[TockonmpKy XUMHUYECKas CBA3b, CTPOCHHUE aTOMa, 3JIEKTPOHHBIE 00OJIOYKH aTOMa BIIMAIOT HA CBOWCTBA
3JIEMEHTAa, TO CIIOCOOHOCTh BCTYNATh B PEAKIUIO 3JIEMEHTA TOXKE 3aBUCAT OT ATHX (akTopoB. Hampumep,
MOJIEKYJIa KACIOPOa COCTOUT U3 IBYX aTOMOB. XUMHYECKas CBA3b KOBAJICHTHAS HEMOJIsIpHasi| |.

Kucnopos oTinuaeT BhICOKas peaklMOHHAS CIIOCOOHOCTh, OH OKUCIISIET MHOTHE BEINECTBA YXKE MPHU
KOMHAaTHOU Temriepatype. Kucinopon o0pasyeT coeTMHEHUsI CO BCEMU XMMHUYECKUMHE dJIEMEHTaMH, KpoMe
renus, HeoHa U aproHa. C OOJBIIMHCTBOM 3JEMEHTOB OH B3aWMOJEHCTBYET HETOCPEICTBEHHO, KpoMe
TaJIOTEHOB, 33 UCKIIIOYeHHEM (TOpa, 30J10Ta U TUTATHHBL.

Onpeodenenue cnocoOHOCMU 6CMYNAMb 8 PeaKyuro NeMeHma ¢ OpyeuMu IIeMEeHmMaMy, NPUdUHd
02PAHUYEHHOCIU PeaKyUU XUMUYECKUX DNEeMEHMO8 TAHMAHOUO08

JlantaHounel — 3T0 14 31IEMEHTOB, CICAYIONIMX 3a JIAHTAHOM, y KOTOPBIX K 3JICKTPOHHOMN
KOH(QUTYpallMy JIaHTaHa MOCIeA0BaTeNIbHO no0aBisitoTcest 14 4f-anekrponoB. B Tabu. 8.12 mpuBeacHbI
AIEKTPOHHBIC KOH(DHUTYpAIlUX JIAHTAHOMIOB M UX HanOoJiee YCTONYMBEIC CTETICHH OKUCIeHHS [8]. Obmas
MeKTpoHHas KoH(Hrypaus tanTanongos — 4 *5d% " 6s%.

HUHTepakTHBH3aNNsA W BUPTYAJIU3anus HA KOMNbIOTepe Ta0auubl MeHaeneeBa U XUMHYECKHX
coelMHeHUI J1eMeHTOB B mporpammuoii cpege Flash-CC, Java- script. AuuManonsasie o0passl B
JIBUKCHUN W paboTa ¢ HUMH TpeOyeT OONBIIOro o0beMa MaMsATH. A JUIs COKpAIeHUs €MKOCTU TaMsITH,
UCIOJb30BAHUE I BHUPTYaJbHOW —HMHTEPAKTUBU3ALMN IPOIIECCOB, Flash sBnsercs od4eHb
adpextuBHBIM. [14-17]. OT oOCHOBHOTO BeKTOpHO — Tpadudeckoro (opmara Flash TtexHomornit
chopmupoBanace Shorewave Flash (SWF) — orBerBienne. Ho, 3T0 He TiepBBIi BEKTOPHBINA (opmar, 3TO
MexaHm3M mnepemnaun Web — crpanunsl k. SWF kak HaxoxaeHwe rpaduueckoro u300pakeHus,
COTJIACYIONIETO  3BEHA  HMHCTPYMEHTAJIBLHOTO  o0OOpymoBaHus U  rpaduyeckoro  u300pakeHusl.
[MpeumymectBo SWF- mpunokeHust 3T0 ero Jerko NepeHOCHMOCTh B IPYTYIO Cpeny, T.€. 3TOT (opmar
UCTIONIL3YETCSl B pa3HbIX MHPOPMAIIOHHO — MPOTPaMMHOM TuiaTgopme ( B ONepalioHHO# cucteme Mac
OS Macintosh, B OC -Windows OS). Eme omuna ocobernnocts SWF — mocTpoeHHBIE OCHOBHBIC
M300pakeHNsT HE TOJBKO NPUHAMAIOT aHWMAIMI0 HO W JIOTIOJHHUTENHHO, BO3MOXKHOCTH CO3/1aBaTh
WHTEPAKTUBHBIC 3JIEMEHTHI M ayJH0 YCTaHOBKH, a W3 HUX (POPMUPOBATH WHTEPAKTUBHYIO BUPTYAIbHYIO
naboparoputo, oueHb ya00HO ¢opmatel SWF, CC — mporpammuoii cpenst Flash. Eme ogna mpuunna
nomyssipHoctd SWF — hopmaTa 3T0 0UeHB Jerkoe U yA00HOE MPUMEHEHUE UCTPYMEHTAPHEB IS JPYTUX
mwiardopm paspadorka ¢pupmbl Macromedia. Hanpumep:-aisi co3aanus MyJIbTUMEAMUHBIX MPE3CHTALUN
MIPUMEHSIOT TpOrpaMMHEIN ammapaT — Macromedia Director Shockwave Studio, - a mns co3maHus
rpaduiecKkux 00pa3oB MPHUMEHSIOTCS NMpOrpaMMHBIN ammapat — Macromedia Authorwave, Macromedia
Course Builder. Ilostomy cpenn Web — myOnmkanuu camoe y3HaBaeMOe M JIETKO TpHUMEHseMas
nyOnukarust 3to Macromedia Flash Web — maer Bo3MOXHOCTh YKpacuTh KaXKIbld CAalT aHUMAalMed U
coOpatb monnyo crpanuiy. Action Script Tools - mo3onsier Web- nononsenue cobparts 3hhekTHuBHO U
€ro HOBBIC SI3bIKU aHAJIOTHYHO TI0X0XE Ha clieHapuii Java Script, Action Script ¥ ¢ IOMOIIBIO peaKTopa
Devigger SBIISIETCSl pENIEHHEM YacTO TPUMEHSIEMBIX JJIEMEHTOB. Hns  BupTyanmmzanun |
WHTEPAKTUBU3ALNN JJIEKTPOHHBIX OpOWTANIeH, SJEKTPOHHBIX KOH(MUTYpamud MO KKIOMY DSJIEMEHTY
Tabmuiel MeHzaeneeBa BEIOpaHa KOMITBIOTEPHO-TIporpaMHas cpena B popmare CC — mporpaMMHO# cpezbl
Flash u Web- nononnenue crenapuii Java Script, Action Script u ¢ momombso peaaktopa Devigger. [To
KOKIOMY DJIEMEHTY Ta0uuilbl MeHJeneeBa co3/1aBaioch ICKTPOHHAS KOH(UTypaIus COTIacHO 3aKOHY
I'yama. Ilo mpaBwry ['yHaa mnpu 3amoJHEHHH SJEKTPOHAMHM OJWHAKOBBIX IO JHEPTUH oOpOuTaneit
QJIEKTPOHBI PACIIONAraloTcsl B MEPBYIO OUYEpeqh MO OAMHOYKE Ha KaXKIOW OpOWTamM, W JIMIIb MOTOM
HAYMHAETCS 3acelieHIe dTHX OpOUTanel BTOPHIMH JIEKTPOHAMH.

Hampumep snektpoHHass QopMmyia KHCIOpPOAa HECeT OYEeHb BaXHYIO HH(POPMAILWIO: BHEIIHUH
AJICKTPOHHBIN YPOBEHb KUCIIOPO/A 3aMOJHEH AJISKTPOHAMH HE JI0 KOHIAa (Ha HeM 4+ 2= 6 3JICKTPOHOB) U
JIO TIOJTHOTO 3aIlOJTHCHHSI HE XBaTaeT JBa 3ekTpoHa. OOIIuii BUl BUPTYaIbHO-UHTEPAKTUBHOMN TaOIHIIBI B
Ha3BaHHOW MPOTpPaMMHON cpelie MpuBeAcH Ha pucyHke-1. [Ipu Haxkatnm 11000¥ KHOIIKM aBTOMATHYECKU
M300pakaroTCs B IBIKCHHI- THHAMUKE 3JIEKTPOHHBIE KOHPUTYPALUK JTI000T0 XUMHUYIECKOTO dJIEMEHTa B
miockoM-2D u o6semHOM- 3D dopmare, a Takke TOCICIOBATCIHHOCTh YHEPTETHUECKUX YPOBHEH B
MOPSIKE BO3PACTAHHS SHEPTHH IO CIeIyIONIel cxeMe:

1s <25 <2p<3s<3p<4s=3d<4p<5s~4d <5p<6s~5d=4f<o6p.
— 82
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B nannoii Tabnume MeHeneeBa prucyHKa- 1 IprBeIeHBI aTOMHBIE MacChl, BAJIGHTHOCTH, KOIIMYECTBO
HEHUTPOHOB, PYCCKOE W aHMIMICKOC HAaWMEHOBAaHWC W 3JIEKTpOHHBIE Gopmynsl miit I (A, B) rpymmsl
JJIEMEHTOB. A TakXe IS KaXJA0ro XUMHUYeckoro snemeHTa | (A, B) rpymnmsl npuBeaeHBI MOPSIKOBBIC
HOMEpa WU 3JICKTPOHHBIC (POpMyNBI B BUIe PUCYHKOB. Kak yka3aHO B pHCyHKe-1, TOpPSIKOBEIM HOMEp
XUMHYECKOTO 3JIEMEHTA SIBIIIETCS aTOMHBIM HOMepoM. OHO PaBHO KOJHYECTBY NPOTOHOB. CHMBOJIOM
MPOTOHA ABJsieTCS Z. JI)sl onpeneneHust HeHTpoHa UCIoNb3yeTcs dhopMyIa:

N= Ar- Z [9]. Ucxons u3 (GopMyibl 3HEPreTHYECKUX YPOBHEH U OIpenensieTcs CrnocoOHOCTh
XUMHYECKUX JIEMEHTOB K XUMHYECKAM PEaKIUAM WA COCTUHEHUSM.
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Cwuboprun

Pucynok 3 - O6beMHas KapTHHA MIEKTPOHHBIX opOuTanel anemeHTa«CHOOPruii»B IBIKSHUH, AaTOMHAs
Macca, BaJEHTHOCTb, KOJIMYECTBO HEHTPOHOB M IIPOTOHOB, 3JIEKTPOHHAs (JopMyIia SHEPreTHIECKUX ypOBHeH opOuTaneit

Brisog

Co3mana  BHUPTyallbHO-MHTEPaKTHBHASA-MYyJbTUMEOUIHHAS TabIMLIa MEPUOANYECKOM  CHCTEMBI
anementoB JI.. MeHeneeBa Ha dJIEKTPOHHOM HOCHTENE, KaK BUIHO W3 JaHHOW TaOIHIbI, U3 GOPMYIIBI
SHEPreTHYECKHX YPOBHEH W OIpenensieTcs CHOCOOHOCTb XHMMHUYECKUX DJIEMEHTOB K XHMHUYECKUM
peakuusM WIM K XMMHYECKOMY COEAMHEHUIO C APYTHMMH »iieMeHTamu. Ha ocHOBe wucciemoBaHus
IUIAHUPYIOTCS. IIPAKTUYECKUE IPUMEHEHUS DPE3y/lbTaTOB BHUPTYaJIbHO-YIPABIIEMONW (MHTEPaKTHBHAS)
nabopaTtopuy ¢ BU3yalu3alueld U aHUManneil MexaHN3MOB IPOTEKaHHS ITPOLIECCOB, TI0 HEOPTaHUUECKON
OpraHMYecKOd XUMHHU. ByayT mpUMEHATHCS IUIs MOBBIMICHHUS KadecTBa 0OydeHHMs, OOJBIIOW 3KOHOMHUH
BpeMeHH (okosio 60% Ha ycBOeHHUE IpeaMeTa), sl CaMOCTOSITEIbHOTO MIPOBEIEHHS UCCIIE0BATEIbCKUX
pabort, AN pa3BUTHS TBOpUecTBa oOydarommxcs. [IpoaykT OyIyT MCIONB30BaTh BCS CUCTEMa CPEIHETO
oOpa3zoBanus (IIKOJBI, JUIEHW, TUMHA3HU), BCS CHCTEMa BBICIICTO OOpa3oBaHUs, IZie M3Y4aloT XHMHUIO,
HAyYHO-HCCIICIOBATENbCKUE HMHCTUTYTHL W Ja0OpaTopuH, a TakXkKe MHUIIeBas, XUMHUYECKas,
(hapmMalrieBTHYECKAs, APYTUEC TEXHOJIOTHUECKUE HHTY CTPHH.
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Eypasus TeXHOJIOTUSUIBIK yHUBEPCHUTETI, ATIMaTHI K., Kasaxkcran

A N.MEHIEJEEB TABJINIACBIHJIAY bl XUMUSJIBIK JIEMEHTTEPAIH KOCBLITY
MEXAHM3MIEPIH FLASH-CC, JAVA SCRIPT-BAT IAPJIAMAUJIBIK OPTAJIAPBIHJIA
BUPTYAIIJAII-UHTEPAKTUBTEHIIPY

AnHoTtanusi. OpraHuKaJIblK eMeC XHUMHSJaH XHMHUSUIBIK —PEaKUUsUIap/AblH TEPEeHJETIIreH MeXaHU3MiH
KOpHEKiJiey MakKcaThlH[a BHPTYaJJIbl-MHTEPAKTUBTI 3epTXaHajap Kacaylbl CypaKk peTiHIe Makaiaia KOWBII
OTBIP.

Ocbl 3epTTeyiep HOTHKECIHe, OPraHUKANbIK JKOHE OpraHHKaJbIK €eMEeC XMMUSJIAH JKacalfaH BHUPTYaJJibl-
HHTEPAKTHBTI 3epTXaHajap KOMETIMEH KODHEKUICHIeH JKOHE aHMMAIMsJIaHFaH pPEaKIus IPOLECCTePiHIH
MeXaHMU3MIH TOKIpuOe Ky3iHIe KoJAaHbicKa kibepy Kke3nenin oTbip. byHIail KoJmaHbIC OKY cCamachlH apTThIpy
MakKcaTblH/a, OKYy YaKbITBIH YHeMmzeyre (IOHZSpAi MEHrepyre KeTeTiH yakbITThl -60%-Fa IeiiiH ), o3 OeTiMeH
3epTTeY IKYMBICTApPbIH JKYPri3yre, OKYIIbLIAPIBIH IIbIFAPMAIIBLUIGIK KaOUIeTiH apTThipyFa kemekreceni. JKoba
HOTIDKECIH OapiblK OLTIM  cajmamapbl KOJIAaHAIbl; MEKTCNTEp, JHICHICp, TUMHA3HUIAD, XHMHSIHBI OKUTHIH
OapiblK JKOFapbl OLTIM XKyifeci, FhUUIBIMU-3epTTEY WHCTUTYTTaphl, 3€pTXaHajiaphl, (apMaleBTHKA, XUMHUsS, TaMak
WH]Ly CTPUSUIAPBIL.

Tyilin ce3mep: aeMEeHTTEPIH MEPHOATHIK JXKYHeci, aToM, 3JIEKTPOH, IPOTOH, HEHTPOH, aTOMABIK Macca, [laymm
npuHnumi, XyHI epexeci, opOuTallb, SHEPreTUKAIIBIK ACHIeilsiep, BaICHTTIIIK.
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