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Abstrakt

The thermal stability of Ti-O and Ti-O-N coatings was studied by
heating at 1300 ° C using differential thermal analysis (DTA) and
scanning electron microscopy (SEM).

Scope of coatings:
* Microelectronic industry
* Nuclear Engineering
* Tool production

 Medicine
Goal and tasks = g iy
o B — . . Conditions
 The aim is to study the thermal stability of thin Ti-O and Ti-O-N films -
* The tasks are to investigate the thermal stability of Ti-O and Ti-O-N LT _
samples to the melting temperature of the substrate (Si) : e
 The object of the study is samples of Ti-O and Ti-O-N films deposited i Substrate — silicon
by the method of reactive magnetron sputtering onto plates of Si (10 ssesesssssee i Cathode —Ti
x 10 x 1 mm) [1] vt T B Mixture of gases - 02 and N2
d® e e The pressure in the chamber
is 0.1 Pa
Doping with nitrogen atoms is the most accessible and rational way to Power - 1kW
improve the performance of TiO2. Current strength - 3A [3]

+ Significant change in the refractive index

+ Increase in hardness, increase in electrical conductivity Experimental data
+ Increase in elastic modulus. The Ti-O and Ti-O-N coatings were studied by differential thermal analysis (DTA) in the

temperature range 20-1300 ° C at a heating rate of 10 ° C / min in an argon flow on an
Nitrogen atoms, as a rule, are built into the structure TiO2 either at the SDT Q600 thermal analyzer (TG, DTA, DSC) , TA Instruments (USA).
oxygen position or in the interstice of the crystal lattice. [2]

To determine the chemical bonds present in Ti-O and Ti-O-N coatings,
the IR method was used. The IR spectrum was obtained on a device by
the industrial system of Fourier transform IR spectroscopy (FTIR) Experimentally obtained

ReactIR 45P GP, "Shimadzu", Japan. thermogravimetric
curves (TG) of Ti-O and
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i fig.2 DTA data for samples with Ti-O-N, (thermogravimetric curve
A TR (TG), differential thermal curve (DTA)).

fig.1 FTIR spectra of TiO2 and N-TiO2 thin films with different N2 - O2.
The FTIR spectra of TiO2 and N-TiO2 films with different nitrogen concentration * Microscopy, surface properties were examined using a Tescan Vega3 SBU
are shown. The bands located in range of 430-600 cm-1 correspond to the scanning electron microscope, with an EMF attachment, (Czech Republic).
vibrations of Ti - O and Ti — O - Ti stretching modes. The peak at 790 cm-1
appeared in N-TiO2 spectra can be assigned to the vibration of Ti-Oor N-Ti-0O
formation bonds. The strong peak at around 1377 cm-1 is due to the lattice
vibrations of titanium oxide.[4]

3a 3b 3c

The character of the morphology and the relief of the surface is shown in fig.3.
It was found that when annealed at 1300 ° C, the films show no apparent
integrity problems and have good adhesion to the substrate.
 3a-Photomicrograph of a coated sample.

* 3b—High resolution photomicrograph.

5

« 3d-Sample calcined at 1300 ° C. The coating is homogeneous, multilayered. So e Ao |
* 3¢ —On the coating after annealing, a break in the film formed due to local
overheating is visible.
Noticeable inclusions - substrate fragments formed during sample fig.3 SEM images of surface morphology of samples with Ti-O-N, max resolution -

. 40,000 times.
prepa ration.

The coating thickness is less than 50 nm, Ti: O: Si = 20: 75:5

Conclusions

Thus, when studying the properties of coatings by DTA found that titanium oxide and oxynitride coatings are thermally stable in a wide

temperature range, high corrosion properties suggest, and are promising for practical application.
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In the course of the research, the following tasks were solving:

- obtaining samples of a new class of high-entropy oxide phases - high-entropy phases with a magnetoplumbite
structure;

- investigation of the composition and structure, as well as the properties of the obtained samples;

- analysis of the obtained experimental data in order to formulate the general laws governing the formation of high-
entropy phases with a magnetoplumbite structure.

The main result of the investigation was the discovery (for the first time in the world) of a special class of high-entropy
oxide compounds - high-entropy phases with a magnetoplumbite structure. The fact of the possibility of obtaining such
compounds has been indisputably proven. A number of elements that can participate in the formation of compounds with
such a structure have been determined; for a number of other elements, the impossibility of their inclusion in the
composition of high-entropy phases with a magnetoplumbite structure in significant amounts has been shown.

The main results of the research also include the following:

1. Synthesized samples of high-entropy oxide phases with a magnetoplumbite structure. Data on temperature and concentration ranges of stability of phases of this
kind.

2. A successfully implemented technique for the synthesis of high-entropy oxide phases with a magnetoplumbite structure by means of solid-phase synthesis. Data
on the stable modes of obtaining samples, including the composition of the batch, as well as the temperature conditions of the process, ensuring the production of
single-phase samples suitable for studying their physical characteristics.

3. A thermodynamic model has been developed for high-entropy oxide phases with a magnetoplumbite structure with a set of model parameters that make it
possible to describe the dependence of the thermodynamic functions of such phases on their composition and temperature. The results of modeling the synthesis of
high-entropy oxide phases with a magnetoplumbite structure from precursors have been obtained and compared with experimental data.

4. A lot of data have been obtained on the structure and composition of experimental samples. These data were obtained by methods of X-ray fluorescence
spectroscopy, scanning electron microscopy, as well as methods of X-ray phase analysis.

5. Obtained data on the magnetic and microwave characteristics of experimental samples. Results of the analysis of the dependence of the magnetic and
microwave characteristics on the crystal structure and composition of the samples. Wide possibilities of fine control of these characteristics (in particular, the Curie
temperature, resonance frequency, etc.) by changing the composition of the phases under study have been found.

6. The analysis of the results obtained made it possible to formulate recommendations on the use of crystal phases obtained in the process of research for the
manufacture of electronic components.
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The work was supported by the Russian Science Foundation, project No. 18-73-10049.
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| , INCREASED EROSION RESISTANCE OF UFG TITANIUM ALLOYS WITH PROTECTIVE ION-
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Valiev R.R., Savina Ya.N.

As Is known, parts made of titanium alloys used in a gas turbine engine during operation are subjected to high dynamic loads and erosive surface wear, which leads to a decrease in performance and reliability. In this regard, at the same
time with an increase in the mechanical properties of the material, it is necessary to protect the surface with special protective coatings. In this paper, a combined approach to improving the operational reliability of materials subject to erosive

wear Is considered. This approach combines an increase in the specific strength due to the refinement of the grain microstructure in the bulk of the metal, using the methods of severe plastic deformation (SPD), and surface protection by
deposition of an ion-plasma coating.

Structural titanium alloys VVT6 and VT8M-1 were used as materials for the research. o -
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The deposition of a
protective coating was carried RS
out by the 1on-plasma method
on a special vacuum
installation i a nitrogen
atmosphere using two metal
cathodes — commercially pure
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According to the results of the tests carried out, the following was established:

1) The deposition of an ion-plasma protective TiVN coating on the surface of titanium alloys VT6 and VT8M-1 in the coarse-grained (CG)
and ultrafine-grained (UFG) state significantly reduces the mass carryover during erosion tests.

2) The erosion resistance of an alloy with an UFG structure and coating increases by 2 times in comparison with an uncoated CG alloy.

Thus, using a approach that combines the refinement of the grain structure in the bulk of the material and the deposition of an ion-plasma

coating on its surface, it was possible to increase a whole range of properties - adhesive strength, mechanical properties* and erosion
resistance.

*R.R. Valiev, Y.M. Modina, K.S. Selivanov, I.P. Semenova, E.D. Khafizova, R.Z. Valiev, Ya.N. Savina, Enhanced service properties of a protective coating on a
titanium alloy with an ultrafine-grained structure, Materials Letters, Vol. 305, 2021, 130781 (https://doi.org/10.1016/j.matlet.2021.130781).
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DEVELOPMENT OF CO-CR ALLOYS FOR MEDICAL APPLICATION
The aim: Development and obtaining of a Co-Cr-based dental alloy for removable / fixed dentures
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Technical requirements W Method of obtaining

Requirements Values

Yield strength (G,,), MPa, not less 700

Tensile strength (o), MPa, not less 925

Tensile elongation (0), %, not less 10
Mechanical
Vickers hardness (HV), not less 300
Corrosion resistance (metal ion yield) mg/cm?, not more 200
Fluidity, mm, not below average 350-340
Buehler Arc Melter 200
(fepmaHus)
S Microstructure Results Mechanical properties
59C025Cr10W4Mo015i0.8Mn0.2C 60Co30Cr5sW5Mo 65Co30Cr5Mo —— 59C025Cr10W4Mo1Si0.8Mn0.2C Al IOyS fensile Yield
b [T Sy R T IR & _ — 7 —— 60C030Cr5W5Mo strength , strength ,
T gaco3ocraMor.si MPa MPa
— 64.5C030Cr5Mo0.5C
— 65C029CrSMo1C
- 65C029Cr6Mo
& 1200 | 64.5C029Cr5Mo1Mn Heraenium 770 595 3
= o 59C025Cr10W4Mo15i0.8Mn0.2C
O 800 -
0o 5 10 15 20 25
Engineering strain, %
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production of export-oriented medical products based on innovative construction materials in order to import substitution based on developed technologies", with the participation of the National Research University "BelSU" in terms of the implementation of research, development and
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FORMATION MECHANISM OF CRYSTALLINE SOLID SOLUTIONS UO; - ThO, AND UO; - ThO, - ZrO, IN MOLTEN SALTS. INFLUENCE OF CURRENT ON THEIR COMPOSITION.

KROTOV V.E.
IHTE Ural Branch of RAS, Ekaterinburg, Russia
The solid solutions UO, - ThO, and UO, - ThO, - ZrO, are nuclear fuel [1]. They were obtained only in the powder form. The purpose of the present work is to test the possibility of synthesizing the crystalline forms of these systems. The study was performed at 750 ° C in the molten equimolar mixture of
NaCI-KCl containing UO,Cl,, ThCl, and ZrCl,. The crystalline solid solutions were obtained as a result of the during simultaneous implementation of two processes at the cathode: the reaction of electrochemical reduction of UO,?* ions to crystalline uranium dioxide UO, (1), and the chemical reaction between UO,
and thorium (zirconium) cations present in the molten electrolyte (2). The process can be represented in a simplified manner using the following equations:

U0 (melt) +2e" = UO,(s) ()
UO; ¢ + XMe™ ey = xMeO, (1-x)UOy  + XU ey 2
The proposed method is of undoubted scientific interest for another reason. In the literature, electrochemical reactions are known accompanied by previous or subsequent chemical reactions. However, there no information with the exception of our works [2-4] about the electrochemical reactions, when simultaneously
with them on the cathode chemical reactions occurs.

The UO,~ThO, and UO,~ZrO, systems The UO,—~ThO,-ZrO, system

The ThO, and ZrO, content in cathode deposits decreases with a increase in the electrolysis current (Fig. 1), which is explained by an increase in the

The three-phase oxide system consisted of two binary cubic solid solutions and contained mol. %: UO, (38-71) - ThO, (6-16) - ZrO, (23-46). The crystal

rate of the electrochemical reaction (1) while maintaining a constant rate of the chemical reaction (2). ’ v 2 !
lattice parameter of one phase was (5,476 — 5,492) and the other - (5,460 — 5,484) A. The dependence in the composition of the cathode deposits UO, -

100 _l'\ ThO; - ZrO, on the electrolysis current density is shown in Fig. 2
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Figure 1. Effect of the electrolysis current density on the ThO, and ZrO, content in the UO,~Th(Zr)O, cathode deposits
at 1023 K. The melts composition, mol.%: (NaCI-KC1)-UO,Cl,(3)-ThCl,(3,5) and (NaCI-KCI)-UO,Cl,(3)-ZrCl,(1,4) i X . X . i
Figure 2. Influence of the electrolysis current density on the U, Th and Zr oxides content in the UO,~ThO,-ZrO, cathode deposits at 750 °C.
The melt composition, mol.%: (NaCl-KCI)-UO,Cl, (4.7) =ThCl, (1.2) -ZrCl, (0.3)

The ZrO, concentration in the cathode deposit reached 98 mol. % [3]. The ThO, content in the oxide phase was less than the ZrO, concentration,
which is caused by the difference in the values of equilibrium constants for the exchange reactions of ThCl, and ZrCl, with uranium dioxide (2). For The concentrations of UO, and ZrO, change in the same way as in the two-component The content of ZrO, decreases continuously whereas the
example, their values at 1023 K are 3 and 170 respectively. At an electrolysis current density of less than 0.08 A / cm?, the quantitative composition concentration of UO, steadily increases with the increasing current density. However, the concentration dependence of ThO, has a different form. With
of the UO, — ThO, oxide phase remains unchanged, and the concentrations of uranium and thorium dioxides in the cathode deposit were practically values of current density above 0.1 A/ cm? the concentration of thorium dioxide increases as in binary system, but at lower its values on the contrary, it
the same and equal to 50 mol%. The results are consistent with the literature data [5], where the maximum concentration of ThO, in powdered decreases. In this range of current densities, the cathode deposit contains more than 60 mol. % ZrO,, and, accordingly, a large amount of U** ions
uranium dioxide according to reaction (2) was 49 mol.%. As in our studies, only half of the uranium dioxide was replaced by thorium dioxide. The appeared in the salt melt. They shift to the left the equilibrium of the exchange reaction (2) between UO, and Th** ions, because its equilibrium constant
UO,-ThO, cathode deposits are single-phase cubic solid solution. The parameter of its crystal lattice increases linearly with an increase in the content is about 60 times less than with Zr** ions.

of thorium dioxide.

Conclusions. The crystalline solid solutions UO, - ThO, and UO, - ThO, - ZrO, were obtained for the first time. The mechanism of their formation has been developed. It was shown the effect of electrolysis current density on composition of solid solutions.

References
1. A. G. Samoylov, A. I. Kashtanov, and V. S. Volkov, The Dispersion Fuel Elements of Nuclear Reactors (Atomizdat, Moscow) p. 343 (1965).
2. V.Ye. Krotov, Regularities of cathode deposit formation during simultaneous reduction and exchange reactions. The mechanism of UO,~ZrO, cathode deposit formation, Electrochim. Acta 115 (2014) 28-30

3. V.Ye. Krotov, Ye.S. Filatov, Regularities of cathode deposit formation during simultaneous reduction and exchange reactions. Influence of the electrolysis conditions on the concentration of components in the UO, - ZrO, cathode deposit, Electrochim. Acta 116 (2014) 484-489
4. V. Krotov, Ye. Filatov, Anomalous influence of electrochemically inert ZrCl, on UO, current efficiency during electrolysis in (NaCl-KCl)equim -UO,Cl,-ZrCl, melt, Electrochim. Acta 145C (2014) 254-258
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DENSITY AND ELECTRICAL RESISTIVITY
OF Al-Ni-Co-R GLASS-FORMING ALLOYS

Rusanov B.A.}, Sidorov V.E.1, Moroz A.l.%, Svec P.Sr.2, Janickovic D.2
lUral State Pedagogical University, Ekaterinburg, Russia
?Institute of Physics Slovak Academy of Sciences, Bratislava, Slovakia

rusfive@mail.ru

Aluminum-based amorphous alloys, especially Al-Ni-R and Al-Co-R compositions, have unigue mechanical and corrosion properties. In this work we investigated density and electrical
resistivity of Al-Ni-Co-R alloys in crystalline and liquid states.

The alloys of AlggNi;Co,R; (R = Nd, Sm, Gd, Th, Yb) compositions were prepared by remelting of pure initial components in arc-melting furnace in argon atmosphere. Density of the alloys In
crystalline and liquid states was measured by the absolute variant of gamma-absorption method on an automated experimental set-up in helium atmosphere. Electrical resistivity was
Investigated by contactless method in rotating magnetic field.
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It was found that all the compositions have a wide two-phase zone (transition from solid to liquid state) and specific behavior of properties (density and electrical resistivity) at liquidus
temperature (T ~ 950 K). Hysteresis of density at T < 1300 K (i.e. incoincidence of heating and cooling curves) was found for all the alloys. This can indicate the fact that the alloys remain
microheterogeneous after melting and some structural transformations connected with medium range order take place at near 1350 K.

The reported study was funded by RFBR, project numbers 20-32-80001, 20-32-90015.
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i Institute of Natural Sciences and Mathematics, Ural Federal University, Ekaterinburg, Russia
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INTRODUCTION and MOTIVATION
The feature of the crystal structure of transition (T) metal dichalcogenides TX, (X = S, Se, Te) compounds is the presence of tri-layer X—T—X units with weak van der Waals (vdW) bonds between them. The
Insertion of various atoms or structural fragments into vdW gaps may lead to significant changes in physical properties of these compounds. Hafnium diselenide has a wider vdW gap in comparison with TiSe2;
therefore, a weaker interaction of intercalated atoms with adjacent layers can be expected in MxHfSe,. A considerable mobility of Ag ions was revealed in transition metal dichalcogenides intercalated with silver, in
particular, in AgxTiSe2 [2] , as well in some silver-containing Ag-Hf-S phases]. Redistribution of mobile ions in an electric field leads to polarization processes and forms a dielectric response to an external field.
The dielectric characteristics of such silver-containing intercalated compounds have practically not been studied before, and this work Is devoted to their study.

EXPERIMENTAL DETAILS
SYNTHESIS: Initial hafnium disulfide and intercalated Ag,HfS, (x = 0.10, 0.2) , polycrystalline samples were synthesized using the method of solid state reactions in evacuated quartz cells followed by multistage
homogenization, Structure and phase purity of the samples were examined at room temperature using powder X-ray diffraction on a Bruker D8 Advance diffractometer (Cu,, radiation). For Rietveld refinements of the
crystal structure, the FULLPROF program was used .
ELECTRICAL MEASUREMENTS:  The impedance measurements were carried out at alternating current at various temperatures in the range of linear frequencies (f) 1 Hz - 5 MHz using the universal frequency
response analyzer Solartron 1260A. with an excitation signal amplitude of 200 mV. The impedance data were used to determine the values of the imaginary and real components of the complex permittivity and electrical
module.
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Fig.1, 2. Frequency dependences of the real and imaginary components of relative Fig3. Linear dielectric permeability Figd. Electrical module spectra of Fig.5 Frequency depenaences of the
dielectric permeability of intercalated Ag, HfS, samples. T=275K(1),298K(2), 330K(3) dispersion of AgxHfS2 AgxHfS2 relative values of imaginary components
Impedance(1) and electrical module (2)

RESULTS AND CONCLUSIONS

Investigation of dielectric characteristics of hafnium disulfide intercalated with silver atoms were carried out for the first time. Dielectric properties were analyzed in terms of dielectric constant (Fig. 1-

3) and in terms of dielectric modulus (fig.4,5). It is shown that the modular formalism in this case is more informative for the quantitative determination of the relaxation characteristics of these materials.

The data in Fig. 5 demonstrate that the relaxation times during charge transfer practically coincide with the times of dielectric relaxation. This may indicate that the kinetics of polarization processes is

mainly determined by the kinetics of charge transfer. Kelaxation times decrease with an increase in the content of silver atoms in compounds.
. This work was supported by the Ministry of Science and HigherEducation and of Russian Federation ( project FEUZ-2020-0054).
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COMPOSITE MATERIAL ALUMINUM-TITANIUM
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The laboratory of chemistry of heterogeneous processes has developed and
patented [1] a method for producing high-strength composite materials Al (Al-alloy) -
T1 with an increased content of fine titanium (standard powder, crushed titanium
sponge, etc.), cemented with an aluminum matrix. Such a material is suitable for use as
modified deformable and cast aluminum composite alloys, and Is a titanium metal
powder distributed in an aluminum matrix or an alloy based on it. The method of
obtaining such material includes several sequential operations: 1) melting of aluminum
or aluminum alloy at a temperature of 780+20°C; 2) introduction of titanium metal
powder into the melt by injection with an inert gas; 3) temperature recovery within 5-10

minutes to 780+20°C; 4) centrifugation of the liquid melt at a rotation speed of 1000-
3000 rpm for 10-12 minutes before solidification; 5) separation of the bottom sediment
along the outer boundary (the sediment is darker) after crystallization and cooling. The
results of measuring the microhardness of the obtained materials are presented in the

Microstructure of the boundary table.
of the aluminum matrix and the

The appearance of a working centrifuge Al-Ti bottom sediment (x28,6) Table — Microhardness of samples
OC-6MYXJ14.2 N After centrifugation, the bottom
. e Initial alloy, sediment
R — Ne | Composite alloy microhardness,
punnn SO ol BB HV, GPa. The content | Microhardness,
of Ti,wt.% | HV, GPa.
e 1 01421-Ti 1,33 3,2 1,71
e 2 | 01570-Ti 1,03 6,4 2,60
3 | Al-Ti 0,39 14,8 2,10
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It follows from the table that the method developed In the laboratory produces
high-strength composite materials Al (Al-alloy) - Ti based on titanium metal powders In
an aluminum matrix or an alloy based on it.
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1. Patent RU No. 2,742,874 C1 Method for obtaining a composite material based on aluminum
or its alloy alloyed with titanium / Skachkov V. M., Pasechnik L. A., Bibanaeva S. A., Yatsenko S.
P., Sabirzyanov N. A. Publ.: 11.02.2021 Byul. No. 5. (Application: 2020126589, 10.08.2020)
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During prolonged exposure , Al interacts with
Ti to form the intermetallic compound Al3Ti
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Non-Hibbs Thermodynamics of Glassy Systems
L.D.Son, IMET UB RAS, Ekaterinburg, Russia Support: RSF 21-13-002-02

ﬁ]enomenological Adam — Hibbs theory\

Stretched KWW relaxation:

Kauzman paradox:

0<p<1
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- Theory looks like a “neural

network” with “teaching” feedback.
For example, general pair
interaction theory:
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-Theory leads to a non-Hibbs solution
of the Fokker-Plank equation.

-The shape of the order parameter
allows to distinguish it from the Hibbs

& V

celwnh strong interaction. Tanaka H. A simple physical model of liquid —
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Dynamical theory by W.Gotze.

Mode coupling scheme: One cannot provide self consistency
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Some examples of theoretical scheme applications

glass transition: intrinsic fluctuating interactions and random fields hidden in

glass-forming liquids // J. Phys.: Condens. Matter. 1998. Vol. 10, Ne 14. P. 207— Model with two order parameters. Tanaka H. Two-order-

parameter description of liquids. I. A general model of

214.128
1. glass transition covering its strong to fragile limit// J. Chem.
Ffp}= TpA 0+ %¢’ Y Phys.. 1999. Vol. 111, Ne 7. P. 3163-3174.
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Model with some restrictions imposed may be presented
as a model with two order parameters

Lattice gas model with dynamic limitations accounted. L.Son. Dynamics of
a lattice gas JETP Letters, 2014, Vol. 99, No. 12, pp. 689-94
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Thermodynamics transformation to a non-
Hibbs probability distribution
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Breakthrough: Theory of spin glass

M.Goldstein
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Abstract

Microstructure evolution

€066
6,,=8°
Fles=0.11 3
D247 19 um| wa

il
L L L
0 102030405060

Misorientation, © . ==

| N T, T
0123 45

Ker Av Mis, °

Foei=0.01
Baycos=19"

Recrystallized Ker Av Misor map

grains

Cu-0.1%Cr-0.1%Zr

Deformation strain

[~

SE
N ) i f{;ffl ngﬁ;
\\.\ M i L FE (Eﬂ%jfrf b
D011 “‘m\}/ > / WG )
SR e ; e =
E ;J,..£-"" ,:/ | ; "g
O O
o o
il JUAL
I’ !"I"I."( 'I,Er)_{f.-'f]' Sk 1 +
IR W G| 2
<[ - | Dy f <
O
i
A ; }:/Jlﬁl, ‘Q'Ll{ | /
lpass  |4passes |l12passes
Cu-0.1%Cr-0.1%Zr 664 °C 623 °C 617 °C
Cu-1%Cr-0.1%Zr* 811 °C 727 °C 561 °C

v i 5
s k! Soso| Fu01o

®
02468101214 pm o
Grain Or Spred, ° — @

€ 0.63
8,=10°

D..=31.25 um

| B ] TR O
0 102020405060

Misorientation, °

AL LT
123 45

Ker Av Mis, ©

F=0.05
Bpuc0s=1.5°

0.00 1 .—",n“.-J'
<= 0246 810
@ Grain Or Spred, ©° §

ECAP+700

P 4
L

0.

=
=l
=
o

0.
- s

Cu-1%Cr-0.1%Zr*

0.20

0.05 +
0.00 UL

04
c
503~
°
S 024
('S

0 H
Y ’- 00 U T, S P
012345

0.1 -

0.20
5 015+

(3]
T 0,10
w

o=l ol

Bodyakova A.l.12, Pilipenko A.G., Lugovskaya A.S.%, Lamzina N.A.1, Botchanov D.S.%, Belyakov A.N.%, Kaibyshev R.O.!

EFFECT OF TREATMENT ON THERMAL
STABILITY OF CU-CR-ZR ALLOY

1Belgorod State University, Pobeda str. 85, Belgorod, 308015, Russia
2National University of Science & Technology (MISIS), Leninsky pr. 4, Moscow, 119049, Russia

The thermal stability of gradient microstructures in a Cu — 0.096%Cr — 0.07%Zr (wt.%) alloy subjected to equal channel angular pressing (ECAP) at 400°C was studied. The microstructure
after intense plastic straining and aging at 300-500 °C was almost the same. Aging at 600 °C led to the development of a partially recrystallized microstructure. After aging at 700 °C, the
fully recrystallized microstructure evolved. An increase in ECAP passes from 1 to 12 decreased the recrystallization temperature from 664 °C to 617 °C. The effect of deformation
microstructures and particle precipitation on the recrystallization development is discussed.

°C

022
€ 031

15 4

0,,=35°
10 < F—:.s:O 75
D,,=14.33um

0 102030405060
Misorientation, °

O)y2p=0.6"
F\=0.84

Ker Av Mis, °

Fre=0.75

Dhyo=1.1"

LI
0 2 4 6 8 10

® ___ Grain Or Spred, °

2 A

Deformation strain

* Abib K. et al. //Materials Characterization. —2016.—T. 118. — C. 527-534.

Materials and experimental procedure

The Cu — 0.10%Cr — 0.07%Zr (wt.%) alloy subjected to ECAP followed by aging was examined. The starting
material with an initial grain size of about 150 um was solution treated at 920 °C for 1 hour, followed by water
quenching. Then, the samples were subjected to 1, 4, or 12 ECAP passes with B, route at 400 °C. The ECAP
samples were aged at 300-700 °C for 1 hour with subsequent water quenching. Microstructure
characterization was performed by a Nova NanoSem 450 FEI scanning electron microscope equipped with an
electron backscattering diffraction (EBSD) analyzer. The mean grain size, the fraction of high angle boundaries
(HAB), Kernel average misorientation (KAM), Grain orientation spread (GOS), average boundary
misorientation, a recovery fraction calculated as a fraction of crystallites with KAM<1°, a recrystallized fraction
calculated as a fraction of grain with GOS<3° and grain tolerance angle >15° were estimated using orientation
image microscopy, OIM Analysis 6, software. The Vickers hardness test was carried out on WOLPERT 420 MVD
device with a load of 50 g with 10 s dwell time. Electrical conductivity was measured by the eddy current
method with Constanta K-6 equipment.
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An increase in the hardness resulted from the decomposition of solid solution and particle
strengthening, as illustrated in Figure 3. Depletion of Cr and Zr from solid solution and a decrease in
the lattice dislocation density were facilitated by ECAP strain. The fraction of solid solution
decomposition can be estimated as:

Qi —-Q;,  where Qg is electrical resistivity after solution treatment, Q, is current electrical
Qg — Qe resistivity, Q.,p is electrical resistivity after ECAP.

dec —

The fraction of softening was calculated by of hardness measurement

where HV, is Vickers hardness after solution treatment, HV, is current Vickers

F, = HVeene —HV,  hardness, HV ., is Vickers hardness after ECAP. Cr-particles play a role of

HVeenr —HVer  obstacles for dislocation glide/rearrangement and boundary migration,
preventing recovery and recrystallization.

= w R - :r;jj};'i"’“ P
i 7 s
7y o
L - f T 1 M
= PSS e
| N

88 77
wr
Ay ‘g
)

1. The gradient microstructure of the low-alloyed Cu-0.1%Cr-0.1%Zr alloy after ECAP is characterized by
significant thermal stability. The recrystallization temperature exceeded 610 °C.

2. The recrystallization temperature decreases from 664 °C to 617 °C with an increase in ECAP passes
from 1 to 12. This change result from different mechanisms of microstructure evolution, namely,
discontinuous static recrystallization in the samples after 1 ECAP pass and continuous static recrystallization in
UFG microstructure developed after 12 ECAP passes.

3. A decrease in recrystallization temperature with an increase in pre-strain depends on Cr content and
comprises AT=4°C per ECAP pass for the present alloy as compared to AT=16°C per ECAP pass for the Cu-
1%Cr-0.1%Zr alloy due to effect of particle stimulated nucleation in Cu alloys with large alloying extent and
large volume fraction of primary Cr-particles.

The financial support received from the Ministry of Science and Higher Education of the Russian

Federation, under President grant No. 075-15-2020-407 are gratefully acknowledged.
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Behavior of the Portevin-Le Chatelier bands In austenitic steel

Yu. Borisova, D. Yuzbekova, A. Mogucheva

There are several methods for recording deformation bands, but recently the most widely used method is digital image correlation (DIC), which
displays the distribution of strain and local strain rate on the sample surface. It should be noted that almost all studies on the behavior of the Portevin-
Le Chatelier (PLC) bands in metallic materials were carried out at room temperature, since it is difficult to obtain images at elevated temperatures.
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Material: Austenitic steel Fe-18Cr-8Ni—2.8Cu (wt.%)
(annealed at 1150°C for 1h and then quenched In water).
Tensile tests were performed at strain rate of 103 st and
temperatures 530-680°C. The PLC bands were observed
using the digital image correlation (DIC) method. The
calculations were performed using the Vic-2D correlation
program (Vic-2D system).

The austenitic steel demonstrates the PLC effect In the
temperature interval from 530°C to 680°C at a strain rate of
1 x 1073 s1, In the entire temperature range of the existence
of the PLC effect, the propagation of deformation bands
OCcurs In a continuous manner.

An Increase In the stress drops frequency and a
corresponding decrease In the distance continuously
propagated by the bands Is observed up to a temperature of
590°C. Whereas, at temperatures above 620°C, an Increase
In the distance continuously propagated by the band Is
established, despite the increase In the frequency of stress
drops.

The velocity of the PLC bands shows the continuous
Increase with increasing test temperature. Such Kinetics of
the PLC bands Is explained by the influence of temperature
on the aging time required for pinning of arrested
dislocations by solute atoms.
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JKCNepumeHTasNbHOe usyvyeHue eAUHUYHLIX TPeKOB, MOSTyYeHHLIX U3 cmecu nopowkos Ti u Al
adolbachevi@gmail.com NpU BapbUpyeMbIX NapameTpax npouecca cenieKTUBHOro siasepHoro nnasneHus

A.TT. Oon6auer, H.A. benos, T.K. AKONaH HaumoHanbHLIN UccnenosaTenbCKUi TeXHonornyeckuii yHuesepcutet «MMUCUC», r. Mocksa, Poccus

BBe.u.eHVle: UHTepmeTanamasl Ha ocHose y-TiAl cuuTaroTca nepcneKTUBHBIMU

maTepmanamm Ang 3ameHbl HUKesneBbIX CynepcnnaesoB 6naroaaps HU3KOM NNOTHOCTU,
BBICOKMM MOKa3aTensam YyAesnbHOU MNPOYHOCTU U XeCTKOCTU, a Takxe COnpoTUBIEHUS
non3y4yecTM U CTOUKOCTU K OKUCNEHUHO NpU NOBLIWeEHHBIX TemnepaTypax. OpaHako
U3roToBMeHue CnNaBoB Ha oOcHoee Y-TiAl no-npexHemy 3aTpyAHeHO WU3-3a UX HU3KOMU
NAACTUYHOCTU MPU KOMHATHOW TemnepaType U NAOXOU ropayen Aedopmmupyemoctu. Kpome
TOro, ANUTENbHBLIW LUKN 06pabOTKU U BbICOKUE UHBECTULIMOHHbBIE 3aTpaThl TAKXe 9BNAHOTCA
PelaroL¥MU  OFpaHUYEHUSIMU MPU UCMONb30BAHUU 6OMBWMHCTBA TPAAULIMOHHBIX MeTOAOB
obpaboTku. CenektusHaa nasepHas nnaeka (CI1TT), akTUBHO passuBaroWaacs B nocnegHue
rOAbI, ABNAETCA NMepCrekTUBHOU TexXHOMoruem aaAuUTMBHOrO npoussoacTtea TiAl, koTopas
NO3BOMSET U3rOTABMUBATbL MNJIOTHbIE MeTannuyeckme usgenusa co ceoboaHou reomeTpuen
HenocpeacTBeHHO U3 CAD-moaenen 6e3 Kakou-nmbo NOMOLLUM UHCTPYMEHTOB U popM. Kpome
Ttoro, CIITT no3songetr 3HAYUTENbHO COKPATUTb BpemMs WU3roTOBSIEHUS U  KAnuTasbHbIe
BrnoxeHua. OAHAKO, HECMOTpPS Ha AOCTATOMHO 6onblwoe KonuyecTso paboT B 3TOU obnacTtu,
UccnepoBaHWe ABOUHLIX cnnasoe Ti-Al nonyyeHHbIx npu CITT He npoBoaUnOCS.

Llenb: uccnenosaHue eamHuuHbIX TpekoB U3 cnJjiaea Ha OCHOBe ANIFOMUHUAOB

TUTAGHA, MONYYEeHHOro C WUCMOJSIb30BAHMEM TeXHOSIOTUM MNOCSIOUHOrO J1a3epHoro
CNeKaHWa NOPOLIKOB MpU BapbUpyembIX NapameTpax rnpolecca

N\GTepI/ICU'l! CMeCb MOpowWwkKoB cogepudeckoro Ti u Al B cTexmomeTpuyeckom
cooTHoweHuu 1: 1.

MeToauka skcnepumeHTa
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Puc. 1. Mopponorusa cmecu nopowkos Ti + Al (a) v pacnpeneneHue yactuu no pasmepy (6)

Ha mawuHe SLM 280 HL w3 cmecu nopowkos Ti + Al B ctexuometpuuyeckom cootHoweHum 1 : 1 66100 nonyyeHo no 3
eAUHUYHBIX Tpeka anuHou 100 mm 3a 0AMH Npoxopa nasepa ANg KaXAoro coctoaHua. [lna npenoTspalleHUs BO3eUCTBUS
Kucnopoaa paboyas kamepa 6b1na 3anosiHeHa aproHom (99,9 %). [Ona xaxaoro oTaenbHOrO Tpeka MOWHOCTL fiasepa
coctaenana 200 Bt B covetaHUm co ckopocTbro ckaHuporaHua (v,.) ot 300 ao 900 mm/c ¢ warom 300 mm/c. TonwmHa
cnoa noaAepXuBanacb NOCTOSHHOW 0 = 50 Mkm.

Puc. 2. Mopponorus
NoBEepXHOCTU eAUNHUYHBIX
TpeKos B nonepevyHom
CeYeHUU NpU  PasfIUYHBIX
CKOpOCTAX CKAHUPOBAHUA

nasepa, mm/c: 300 (a), 600
(6) v 900 (B) (COM)

No Xum. coctas, at.%
)

cnekKTpa Ti Al

- & 200 MKM

Cymma
Cnexip 158

Ha puc. 3

Cnexrp 156 =
156 35,41 64,59 100
Cnexip 157
- 157 62,05 37,95 100
158 4,57 95,43 100
50 MEM
142 49,76 50,24 100
143 8,89 91,11 100
<y Cnexrp 143
L e N 144 36,1 63,9 100
s ; >
: 150 99,63 0,37 100
151 99,45 0,55 100
SOMKM 152 62 38 100
&, 150 Puc. 3. PesynbTarer
e MUKPOpPEHTreHOCNeKTpasibHoOro
Crexp 152 aHanu3a eAUHUYHLIX TpPeKoB npu
— PA3JINYHBLIX CKOPOCTAX

CKaHUpoBaHus nasepa, mm/c: 300
(a), 600 (6) 1 900 (B)

100 MEM

BbIsoAbr:

YBernuyeHue CKOpOCTU CKAHUPOBAHUS MPUBOAUT K UCKAKEHUHO AOPOXKU TpeKa U (POPMUPOBAHUIO KLLIAPUKOB» HA MOBEPXHOCTU
U3-3a 3HAYUTENbHOU KOHBeKUUUM MapaHroHU U HecTabUNbHOCTU KANUMNNSPHOU XUAKOCTU B pacnsiasreHHou BaHHe. OTmeueHo,
4YTO NopbI, 06pa30OBABLINECA HA NOBEPXHOCTU TpeKa, B OCHOBHOM CKOHLIEHTPUPOBAHBI UMEHHO B LIAPUKAX.

2. TlosbIlWeHWe CKOpOCTU CKAHUPOBAHUS OKA3bIBAET BJSIUSHUE HA MOPEONOrUKO0 TpeKka: B UYACTHOCTU, YMeHblUaroTes

CMA4YMBAEMOCTb MOASIOXKKU U FNybuHa BaHHbLI Tpeka. TTpu v, = 900 mm/c nponnaeneHUs NOAMOXKKU NMPAKTUYECKU He
Habnroaanocs.

13 aHanu3a kapT pacnpeaeneHns 3nemeHTOB NonepeyHoro cedeHus nony4YmBLIEroca Tpeka npu cKopocTax ckaHuposaHusa 300
n 600 mm/c BUAHO, YTO NepemelumnBaHUe baccelHa B npoLlecce niasfieHus npoucxoamt HepasHomepHo. TTpu v, = 900 mm/c
pacnpegeneHue anemeHToB Ti U Al 6bIN0 paBHOMepHLIM MO BCeW NNOWGAAU, OAHAKO YeTKO pasnuumMmbl 06nactu, rae He
NPOU30LWNIO pacnnaeneHns YacTuL, NOpPOLIKA TUTAHA NMpU KOHTAKTe C J1a3epoMm.
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A possibility of obtaining corrosion-resistant deformed semifinished products from an
alloy based on the Al-Ca-Mg system
Doroshenko V.V.,, Naumova E.A., Barykin M.A., NUST "MISiS", Moscow, Russia

Aluminum-magnesium alloys are widely known as wrought materials. Their main (b) Metallographic studies of the effect of calcium on iron
advantages are: a good combination of strength and ductility, high weldability and R ! | ,

low density. At the same time, there are technological difficulties in obtaining

products. An important role is played by the Fe impurity, which forms phases of COM (TESCAN VEGA 3)

crystallization origin (a). Although, according to GOST 4784-97, 0.5-0.7 mass.% is MPCA (Oxford/Aztec)

allowed in the composition. iron, in products for critical products it is limited to
hundredths (0.01% for alloy 1541sc). This constrains the use of pure raw materials,

which increases the cost of production, and also does not correspond to the global

trend for the use of secondary raw materials. New alloys doped with calcium can — : :
Precipitates of fine crystallized

Fe-containing phases after slowly
cooling in Al-13%Ca-0,5%Fe alloy.

cope with this task (reducing the cost of production while maintaining the level of

physical and mechanical properties). Studies of the last 3 years have shown that

calcium effectively binds Fe into a ternary compound of compact morphology (b),

which is part of a multicomponent eutectic. In addition,
despite the high proportion of the second phases (more (C) Hot rolling at 400 °C with preliminary

thermal treatment during 1 h. Rolling mill Duo
for Hot Rolling

than 20% vol.), high-quality deformed semifinished

Hot-rolled sheet 2 mm

products can be obtained from alloys with calcium (c).

The composition Al — 2.5% Mg — 1% Mn — 0.4% Fe was | JE ' | y“ 5
chosen as the base one; with an average (for AMg2- . . 4 S ‘:_.gkf-[..r
type alloys) concentration of magnesium and close to | | = Pl _ ILE BT
The graph of the change in hardness the limiting (for magnals) concentration of manganese. | B | - Rolling mill for

The latter element, during crystallization, is capable of
entering into the composition (Al) and, upon heating,
to form secondary precipitates of the Al.Mn phase.This
makes it possible to increase the strength properties of Flat ingots 15x60x180 mm
120 - sheets in the annealed state. Zirconium and scandium
are necessary for strengthening due to the formation of

during annealing

Cold Rolling

140 -

130 -

110 -

— L1, .nanopartiFIes during heterogenizatiqn ar.mealing of ’ Annealing 350 °C
castings and ingots. The optimal combination of the N during 3 h an
%0 1 hardening effect and the economy of alloying can be ,‘,__:_' — e ' ——
80 - realized at ~ 0.1% Sc and 0.2-0.25% Zr. Thus, the : " - -
. composition of the experimental alloy was Alloy UTS, Mpa Y5, Mpa
substantiated: Al —2.5Ca — 2.5% Mg — 1% Mn — 0.4% Fe 165 - 18,0 2,69
0 - A :(:’OC wo s soo | |—0.1% Sc—0.2% Zr (hereinafter Al2.5Ca2.5Mg). 275 145 15,0 2 64
391+3 35643 2,6x0,4 2,63
Due to the low ductility in the cold rolled state (less than 0.5%), it was necessary to justify the N N N
annealing regime. The first step was to determine the thermal stability of the cold-worked state. For : ) sl el B2 2fee
, ; , , Mechanical The experimental alloy
this, the influence of the annealing temperature on the hardness and microstructure of cold-rolled oroperties Jermronsiied & i 46114 - 0,2 2,63
sheets Was S,tUdIEd' A9 VIeRl ezl seg fiem G FrEfpln @i dne cha-nge I [RIeRESS, &2 t.he temperatur.e (Zwick Z250) W s o e=cet oAl M lid ll sheet according to GOST 21631-76 (thickness 1-10 mm for AMg2, 0.6-4.5 mm
rises, there is a gradual decrease in hardness. At the same time, the unrecrystallized structure is : o
and cold (o]l li-M W for AMg5), annealed condition

retained up to 400 °C, which is due to the high volume fraction of secondary aluminides, both

H the ductility in| i . T
Al,(Zr,Sc) and Al Mn. AV A [-elT[adl s 1R “sheet (thickness 2 mm for Al2.5Mg2.5Ca), cold-worked condition

(IRl O CICRUEN N 3sheet (thickness 2 mm for Al2.5Mg2.5Ca), annealed condition
The work was supported by the grant of the RNF (agreement No. 21-79-00134) found to be very low. 4sheet (thickness 0,5 mm for Al2.5Mg2.5Ca), cold-worked condition
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STRUCTURE AND PROPERTIES OF ALUMINUM-CALCIUM CONDUCTIVE ALLOYS

The development strategy in energy industry is aimed at increase in the proportion of aluminum as
a conductive material. This strategy also includes replacing copper wires with aluminum ones. This
determines new requirements for aluminum conductive alloys, primarily in terms of their cable
performance. One of the possible ways to increase the cable performance of an electrical line is to
increase the cross-section of the conductive wire. However, this approach is laborious and requires
re-equipment of an electrical line and reconstruction of a cable. In this connection, the most
promising approach for solving the indicated problem is to increase the heat resistant of wire alloy.

As heat-resistant conductive aluminum alloys, a special place belongs to the Al-7% REM (01417, TU

1-809-1038-96) alloy. This alloy is intended for preparation using so-called granular technology, i.e.,

by rapidly solidification with subsequent treatment using powder metallurgy (RS/PM) methods. The
volume fraction of the second phases in this alloy reaches ~ 9 vol.%., which is represented by

eutectic (Al) + Al ;,Ce;. The high content of rare-earth metals in the alloy and the high cooling rate
of ~ 1000 K / s make it possible to achieve heat resistance on the wire up to 250 ° C inclusive.

01417

Advantages of Al-7% REM (01417) alloy:
-high heat resistance (up to 250 °C);

-high strength (UTS range: 80-230 MPa);
-high electrical conductivity (54-56% IACS).

Disadvantages of Al-7% REM (01417) alloy:
-difficult to execute production technology.

Conclusions:
1. The need to create a new heat-resistant conductive material,

2. The need for a simpler production technology for a promising alloy

Solution concept

Solution concept

3. The choice of an alloying additive, which forms nanosized particles by the
mechanism of precipitation hardening, which prevent recrystallization, and
also does not form second phases with Ca, Fe and Si.

Purpose: increasing the strength and heat resistance of an alloy
4. The possibility of using electrical aluminum scrap in the manufacture of alloy

5. Using Continuous Casting and Rolling Methods (CCRM) for the
manufacture of conductive wire.
Purpose: use of a simpler production technology

equipping

I CCRM technology provides ingot cooling rate of ~20 K/s.

operation

meltin ! purification! casting ! rollin ' heat ' drawin
: s t Pmeit 5 1 5 ! treatment &
i . 1 ] | e
castin - - =
o] [ |[cstng [ rollmil =
g = i E i T c =
AeTo
| ap > 2 O 0100 oi= Al e3>
/hot metal mixer || = o C-;; heat treating 1 =
furnace

40

Zr

Zirconium
91.224

I The atomic crystal lattice of the Al;Zr (L12) phase (size ~ 10 nm)
IS coherent with the matrix phase - aluminum solid solution (Al)

Laboratory technology for industrial process modeling ensures 7

[ ccrRM ) (

ligiud melt

identical dendritic cell parameter in a cast billet

g "
1 ] B
tb : heat treated -
) C?ﬁgoi?r/l Wite,rae [ wire rod J _wire |

1. Search for an element that forms a dispersed eutectic, which is
fundamentally similar in structural type to (Al) + Al;,Ce,
eutectic (also designated as Al,Ce).

Purpose: increasing heat resistance and strength

Search for an element capable of binding Fe and Si impurities
in phases of favorable (compact) morphology, which also
ensures the absence of Si in solution (Al).

Purpose: to reduce electrical resistance

ELEMENTS ' b 2 - B

7~ Magnesium =

Al4CalFe0,6Si

| | Dispersed eutectic|(Al) + Al,Ca + Al,CaSi, + Al,,CaFe,,|which binds Fe

“oore o and Si into phases of compact morphology

¢ ! The absence of Si in the composition of the solid solution (Al) due to
N\ the formation the Al,CaSi, phase

Solution of the problem

1. Selection of the alloys chemical composition

Alloy requirements:

-the volume fraction of the second phases is ~ 6 vol.% (01417 ~ 9 vol.%);

-Si is bound in the Al,CaSi, phase and is absent in aluminum solid solution (Al);
-the presence of the compact Al,,CaFe, particles in the eutectic instead of the
Al;Fe phase of acicular morphology;

- dispersed eutectic with the Al,Ca phase.

. . Chemical composition of experimental alloys, wt.%
Designation .
Ca Fe Si Zr Al

0,80 0,62 0,26 0,21
0166 0167 0,25

ACZ0.75
ACZ0.5 0,51

balance

2. Wire production scheme

=)

Designation
Ingot diameter 40 mm
R1 Bar diameter 9 mm, radial-displacement rolling at 350 °C

W1 Cold-rolled wire 1 mm from bar diameter 9 mm

W-450
WO0.5
W0.5-280

Annealing of cold-rolled wire by two-stage regime: 400 °C, 3h + 450 °C, 3h

Cold drawing of annealed wire to a diameter of 0.5 mm

Annealing at 280 °C for 1 hour of wire diameter 0.5 mm (heat resistant test)

Treatment mode

AlwCaFe:2

| From the distribution in
solid state of Al-Ca-Fe-Si-Zr
system it follows that the
Al,CaSi, phase is present in
all regions of this
quaternary system.
Considering the low
solubility of Ca in (Al), this
means that even at a small
amount of calcium in Fe
and Si containing alloys, the
formation of this particular
ternary compound is
inevitable. Excess calcium
should lead to the
formation of the Al,Ca and
Al,,CaFe, phases

Ay -
of
¥ i

c ~ O -2 /s
ACZ0.75

Vc ~ 20K/s

Alloy Electrical and mechanical properties
UTS, MPa El, % %, IACS
W1-450 _ 54
ACZz0.75
- WO0.5 32 }
W1-450 _ 55
ACZ0.5
- WO0.5 1,0 )

01417 (TU 1-
809-1038-96)

I Thermal resistance test (designation W0.5-280) showed less
than 10% strength reduction

180-230 2.5-4.6 56-54

cold-rolled

The obtained level of electro-mechanical properties allows
considering alloys of the Al-Ca-Fe-Si-Zr system, obtained at cooling
rates of a cast billet ~ 20 K / s, as an alternative to alloy 01417, in the
production of which cooling rates of ~ 1000 K/s are used.
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NEW LUMINESCENT CERAMIC MATERIAL BASED ON GLASS WITH

jukuznetsova@mail.ru

INTRODUCTION

In 2020, the global LED market share ranged from
52 to 69% of all light sources according to Grand View
Research. This demonstrates the huge demand for light
sources with energy efficiency in various fields, namely, art
workshops, museums, printing, medicine, and light
sources for vehicles. These areas have the highest
requirements for LED devices: extreme working conditions,
high luminous flux, high color rendering index, etc.

However, LEDs have some drawbacks:
1) a very large luminaire footprint in a high power
(> 100,000 lumens) light sources; 2) limited directional
illumination; 3) the unbalanced spectrum; 4) overheating
of the phosphor and its destruction.

The promising concept to overcome these problems
is laser-based light sources [1]. The use of a laser requires
a new design of sources and stability of phosphors to
convert large luminous flux. A ceramic-based phosphor
meets the requirements of such materials. It provides less
degradation, better control of light scattering and thermal
conductivity.

The new ceramic luminescent material was
synthesized using a silicate glass with cadmium sulfide
quantum dots (CdS QD) and yttrium aluminum garnet
(YAG).

MATERIALS & METHODS

The glass with CdS QD was synthesized as discussed
in [2]. The commercial phosphors LE 525 and LE 570
based on YAG:Ce were used as second component of the
ceramics. At the first stage, the initial components of
ceramics were milled in a mortar. Then, milled glass and
YAG were pressed into pills at different ratios, and further
sintered at 610°C during 3 h at air. The effect of synthesis

conditions (ratio of phosphor/matrix, pressure at
compacting) on functional properties was studied.
Reflectance, photoluminescence (PL) and

photoluminescence quantum yield (QY) were measured by
FS-5 spectrofluorometer (Edinburgh Instruments) at
ambient temperature.

CADMIUM SULFIDE NANOPARTICLES

Yu. V. Kuznetsova, |. D. Popov

Institute of Solid State Chemistry, Ural Branch of the Russian Academy of Sciences, Ekaterinburg, Russia

RESULTS & DISCUSSION

The choice of initial components was determined by the region of PL (Fig. 1a). The phosphors have PL
between 470 and 700 nm. The heat treatment of the initial glass at 610°C during 3 h leads to the formation
of CdS QDs with an average diameter of 4 nm which have a wide PL band between 550 and 900 nm with
maximum intensity at 700 nm [2].

The change of phosphor/matrix ratio allows to modify the region of PL of the resulting ceramics (Fig. 1b).
The optical absorption and excitation spectra show contributions both from matrix with CdS QDs and YAG:Ce
(Fig. 2a). The study of PL excitation demonstrates the significant effect of excitation wavelength on the PL
spectra due to partial overlapping of the absorption ranges (Fig. 2b).

The increase of glass content in the ceramics leads to a decrease of PL QY from 21.2 to 14.1%
(Fig. 3a). Additionally, the increase of pressure while compacting the samples decreases the PL QY from 20 to
12.5% (Fig. 3b). We assume that high pressure might lead to oxidation of Ce3* to Ce** due to better
interaction between glass and YAG during heat treatment.

The increase of the content of the glass component directly affects the PL intensity in the red region and
the change of spectral composition of PL.

. | y | > I ? | ! | : | 5 |
1.0 - 1.04 YAG:Glass B
S | = | il |
0] © e 14
G 0.8 - G 038 - L= -
& = — 14
@ (3} 2
& & —1:8
@ i @ .
e 0.6 g 0.6 116
ERE 3
—;‘EU — YAG:Ce 570 —g
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$0.2- . 502+
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Fig. 1 (a) PL of initial components; (b) PL of YAG/CdS-glass ceramics depending on the YAG/glass mass ratio.
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Fig. 2 (a) Optical absorption (brown), PL and PL excitation (green) of YAG/CdS-glass ceramics synthesized at glass/YAG mass ratio 2/1.
The excitation wavelength was 405 nm. The PL excitation spectrum was recorded for emission at 700 nm; (b) The excitation
wavelength map of YAG/CdS-glass ceramics synthesized at glass/YAG mass ratio 2/1.

(a) (b)
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Fig. 3 Quantum yield of photoluminescence of YAG/CdS-glass ceramics
depending on (a) the glass/YAG mass ratio and (b) pressure at
compacting for sample glass/YAG mass ratio 2/1. The QY was measured
in the range of 430-850 nm under the excitation of 405 nm.
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Fig. 4 Chromaticitgl coordinate diagram of (a) initial Eomponents and
(b) YAG/CdS-glass ceramics depending on the YAG/glass mass ratio.

CONCLUSIONS

The technological aspects of the preparation of
ceramics based on YAG:Ce and glass with CdS QDs and
their influence on the spectral components of the material
have been studied.

« At once, glass with CdS QDs performs the functions of
both a matrix and a phosphor emitting in the yellow and
red spectral regions.

« The use of glass with CdS QDs allows to compensate
the unbalanced spectral composition of YAG.

« The more balanced and wide PL spectra are obtained at
glass/YAG mass ratios 1/1 and 2/1.

* The high pressure at compacting decreases the PL QY.

* The variation of the excitation energy allows to switch
ratio of the excited ceramic components that effects on the
spectral composition of PL.
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HYDROFLUORIDE TECHNOLOGY FOR PRODUCING
NANOSIZED SILICON DIOXIDE FROM INDUSTRIAL WASTE

Medyankina |.S., Pasechnik L.A.

ISSC UB RAS, Ekaterinburg, Russia

titanium magnetite ore beneficiation and RM.

In chemical terms, the technology is based on the ability of
NH,HF, to actively interact with all waste components — silica
(about 20-50%), iron, titanium, calcium, magnesium, aluminum —
to form simple and complex ammonium fluoromellates, such as
Si0,+3NH,HF,=(NH,),SiF;+2H,0+NH,

Fluorination was carried out with 1-30% NH,HF, solution with
stirring with holding at a temperature of up to 100°C for 1-6h.

| w0l N
RO 5 aR'a

The process Is characterized by low rate constants and high
activation energies. Compounds of Al, Fe, Ti, Ca, Mg are In the
solid residue such the form of fluorometallates, simple fluorides
and/or unreacted Initial minerals. At pH 8-9 In the temperature
range 25-50°C with constant stirring and slow neutralization with
ammonia, a precipitate forms even at a concentration of less
than 5 g/l SiI by the reaction —
(NH,),SiIF;+4NH;-(n+2)H,0 = S10,-nH, O | +6NHF

* The present work is related to the obtain SIO,, from the fluoride solutions after hydrochemical processing of wet magnetic separation tailings of

It was found that the content of SIO,, In the final product is not less
than 97% from tailings and 91% from RM. It was shown that the
reduction of silicon content in waste less than 20% SIO, leads to a
significant decrease In the concentration of silicon in solutions and an
Increase Iin impurity components. The XRD pattern of silica clearly
Indicated that no crystalline phases exist, as only a single broad peak
between 15° and 30° (20) is observed. Specific surface area (BET
method) reaches 360 m?/qg.

1000

Experimental pattern: {22.dat)

XRF of the residue after the
hydrochemical process at a
temperature 100 °C
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Chemical analysis of the residue after the hydrochemical process for
tailings
Si 12-20
Fe 2-2,5
Ca 14-19
Mg 9-12
Al 6-7
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ELECTRICAL PROPERTIES OF AMORPHOUS (Cd, ,ZN, .aMnN, o,)2AS, FILMS

0.4 mm thick coated WI

that they have characteristic peaks at 38 62, 100 125, 191, 215, and 247 cm -1 (Fig.
with a granular surface structure with an average grain size of about 150 nm (Fig.
homogeneous. According

Nezhencev A. V., Pilyuk E. A., Nikulicheva T. B., Borisenko A. V.

Belgorod National Research University, 85 Pobedy St, Belgorod 308015, Russia

therma

Thin films (Cd, , ,Zn Mn W3AS, (x +y =0.1; y =0.02) were obtained by high-frequency magnetron sputtering. The substrates were p-type silicon wafer (100)
ﬁ grown SlO oxide. The thickness of the films is 20 nm. Raman spectra of the obtained films (Cd, 4ZNn, ,sMn; 45)3AS, Shows

1). The atomic force microscopy results show that all ?BI

2). The scanning electron microscopy images show that the films are practically
to the distribution of the elements, the films Wlthln the measurement range had a homogeneous structure. The results of X-ray

Ilms are continuous

diffraction show diffraction patterns of films obtained on cold silicon substrates are typical for amorphous materials with broad “halo” peaks.

100
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Fig 1. Raman spectra Fig 2. Atomic force microscopy Fig 3. Temperature dependence of the
resistivity

Measurements of the electrical properties such as conductivity of (Cd,Zn, ;cM

Ny 02)3AS, thin films were taken according to the standard six-point scheme in

the temperature range 10-300 K and magnetic fields up to 1 T The results show that the resistivity of the film is increasing as well as temperature which

corresponds to a metal t

5.1 x 102 cm=3 and 3.3 x 10% c
Increasing temperature and the

point out to the presence of the variable-range conductivity.
The work was supported by the grant of President of the Russian Federation for state support of young Russian scientists - candidates of sciences, project No.

MK-238.2020.2.

type cmductlwty The concentration and mobility of electrons, calculated using the results of measurements of the Hall constant, were
m2.V-1.s1 at 10 K and 6.6 x 1020 cm-3 and 2.1 x 102 cm?-V-1.sL at 300 K, respectively (Fig. 3). The concentration increases with
mobility decreases with increasing temperature. The magnetoresistance Is negative. It is mostly found in ferromagnetics, this can
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APPLICATION OF PLASMA METALLIZATION TECHNOLOGY FOR RAPID PROTOTYPING OF PRODUCTS

Layer-by-layer plasma deposition of wire spraying products onto a base previously formed from an inexpensive material can be a promising method for forming blanks of large-sized
items. Plasma metallization is seen as a promising method for obtaining prototypes of metal products, with wire spraying with a plasma arc of reverse polarity of the current.

Presents the results of spraying bronze of the chrome bronze brand with a productivity of 11 kg/h on a cylindrical steel base. The steel base is used exclusively as a backing material
and is removed during subsequent machining.

Technology provides

* high productivity up to 15 kg / h;

* availability and wide selection of source material;
e possibility of forming products of complex shapes;
* minimization of thermal effects;

* reduction of the amount of residualstresses

Fig.2. Macro photography of formed bushing and microstructure

CONCLUSIONS

Layer-by-layer plasma deposition of wire spraying products on a base previously formed from an inexpensive material can be a promising method for the formation of blanks of
large-sized products. Metallization provides high productivity (up to 15 kg / h), provides ample opportunities for regulating the chemical composition in the applied layers, in addition,
the heating of the formed product is significantly reduced. It is planned to carry out a full range of studies of the structure, mechanical and physicochemical characteristics.
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