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The main results for the synthesis and study of superconducting high-temperature materials based on cuprates 
obtained by high-temperature synthesis are presented. The influence of the ratio of the primary components, time 
and exposure temperature on the output of the superconducting phase (Y123) in the composition was studied. It 
was found that the initial ratio of components, annealing temperature and aging time have a direct impact on the 
qualitative and quantitative formation of the conductive phase. The chemical, phase composition and morphology 
of the obtained samples were carefully studied. Optimal result (maximum conductive phase in Y-Ba-Cu-O system 
(Y123) size) at a temperature of 920 °С with a retention time of 6 hours.
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INTRODUCTION

Currently, technical devices based on high-tempera-
ture superconductors (HTS) are being intensively de-
veloped. Designs of non-contact superconducting sup-
ports [1], universal systems of non-contact communica-
tion between space objects, berthing and contact sys-
tems of space aircraft (SA), hermetic movement inputs, 
communication devices with variable rigidity, large 
space structures with non-contact connections [2], SA 
radiation protection systems, various energy and instru-
mental systems for working on the moon are being de-
veloped. Changes in the physical and chemical proper-
ties of nanomaterials due to different synthesis than in 
bulk materials [3]. The most popular materials are high-
temperature superconductors (HTS). The electric cur-
rent changes linearly due to changes in the chemical 
composition, the interaction of the granules and the me-
dium between the grains. The most popular high-tem-
perature superconductors are YBa2Cu3O7-δ. Since it is a 
multicomponent compound, it is necessary to observe 
the synthesis conditions to increase probability of the 
expected phase [4].

When synthesizing, materials that have the neces-
sary properties are obtained by changing their parame-
ters.

MATERIALS AND METHODS

Obtaining high-temperature superconductivity is 
one of the most problematic issues today. The complex 
conductivity material ybacuo nanomodified was ob-
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tained on the basis of mixing microcrystalline powder 
and nanoparticles [5]. In different concentrations, mi-
cro-and nanoparticles were mixed and then pressed and 
burned. First of all, YBaCuO microcrystalline ybacuo 
powder is made using ceramic technology, which con-
sists of several levels.

Preparation of microcrystalline YBaCuO powder:

 
 
Purity based on the solid phase method 99,9 % Y2O3 
(size 0,03 μm ), BaO2 (size 1,5 - 2 μm )  and Cu (size 40 
- 60 nm ) powders are obtained in different ratios. The 
powders are measured on an electronic VLE-134 meter 
and mixed uniformly in a ceramic vessel [6]. The fin-
ished powder is placed in a press form and pressed at a 
pressure of 0,15 MPa. First-class combustion of raw 
materials was carried out. A process designed to ensure 
the necessary stoichiometry of the samples to be re-
moved and the powders to be uniform.

YBa2Cu3O7-δ the high-temperature complex conduc-
tor is obtained in 2 different ways based on the solid 
phase method. СНОЛ 40 / 1 180 brand muffle furnace, 
PT-1200ВУ brand tube oven. YBa2Cu3O7-δ  the synthesis 
of microcrystalline powders is between 600 – 920 °C 
and consists of repeated firing. HTS YBa2Cu3O7-δ melt-
ing point 920 °С. Compared to other studies, the range 
of HTS is 920 – 1 020 °C. In scientific work, the melt-
ing point of ceramics is 920 °С, and at work 980 °С, – 
993 °С and – 1 020 °С specified. The presence of 
different temperatures depends on the time of heating, 
burning and cooling, as well as on the additional phases 
formed along with co, for example depending on the 
Y2BaCuO5, CuO. The muffle furnace SNOL 40 / 1 180 
was heated to 920 °C for 2 hours. Burning was carried 
out for 4, 6 and 8 hours is shown in Table 1. The fin-
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ished raw materials were pressed and burned in the sec-
ond order [7]. Qualitative and quantitative composition 
of microcrystalline powders and products was analyzed 
by X-ray diffractometer (XRD) - DRON 4M.

The best structural analysis is shown in the MP-1 
and MP-2 models. The MP-1 model was first fired at 
920 °C for 8 hours, pressed at a pressure of 0,15 MPa 
for 8 hours at 920 °C. Our expected phase was 73,3 %. 
The expected phase of the MP-2 was 73,2 %, only the 
first firing time of the MP-2 was 6 hours [8]. Y123 The 
optimum temperature for the production of HTS was 
shown to be 920 °С. During the second firing, the 
YBaCuO phase showed a low percentage at a tempera-
ture of 600 °C.

RESULTS AND DISCUSSION

The second method is in a tube furnace brand PT-
1200VU  YBa2Cu3O7-δ  a high-temperature supercon-
ductor was obtained. Obtained by means of a coupling 
furnace as a ratio of components Y123 a sample MP-1 
showing a high mass size of the phase was obtained is 
shown in Figure 1.

It was found that the expected HTS depends not 
only on the firing time, but also on the shape of the sam-
ple. Purity 99,9 % micro Y2O3, BaO2 and  nano Cu pow-
ders were weighed and mixed in a ceramic vessel until 
a homogeneous mass is shown in Figure 2. The finished 
samples in the form of powder and tape were baked in a 

Table 1 Ways to obtain experimental samples of the muffle furnace

Sample name First-Order burning Second-order burning
Т / 0С Burning time / hours Sample shape Т / 0С Burning time / hours Sample shape

MP-1 920 8 powder 920 8 tape
MP-2 920 6 powder 920 8 tape
MP-3 920 4 powder 920 8 tape
MP-4 920 8 powder 920 6 tape
MP-5 920 6 powder 920 6 tape
MP-6 920 4 powder 920 6 tape
MP-7 920 8 powder 920 4 tape
MP-8 920 6 powder 920 4 tape
MP-9 920 4 powder 920 4 tape

MP-10-14 920 6 tape 600 6 powder
MP-15-19 920 6 powder 600 6 tape

Figure 1 XRD analysis of MP-1

Figure 2 Mass fraction of the obtained components

Figure 3 XRD analysis of the TP-3 sample

Figure 4 XRD analysis of the TP-6 sample
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tubular oven for 4, 6 and 8 hours is shown in Table 2. 
The expected phase was not determined in the baked 
samples in powder form. The highest 62 % by mass 
fraction was determined in the TP (D3) sample (see 
Table 3). The secondary firing was carried out at a tem-
perature of 920 °С.

Qualitative and quantitative composition of micro-
crystalline powders and products was analyzed by X-
ray diffractometer DRON 4M. According to the results 
of X-ray fluorescence analysis (RFA), the expected 
phase was determined with high mass index in TP-6 and 
TP-8 samples by X-ray structural analysis of HTS ob-

Table 2 Methods of obtaining experimental samples in a tube furnace

Sample name First-Order burning Second-order burning

Т / °С Burning time / hours Sample shape Т / 0С Burning time / hours Sample name

TP1 920 4 powder 920 4 tape
TP2 920 4 powder 920 6 tape
TP3 920 4 powder 920 8 tape
TP4 920 6 powder 920 4 tape
TP5 920 6 powder 920 6 tape
TP6 920 6 powder 920 8 tape
TP7 920 8 powder 920 4 tape
TP8 920 8 powder 920 6 tape
TP9 920 8 powder 920 8 tape

Table 3 Results of (RFA) analysis

Name samples YBa2Cu3O6,94 (Y123) / mass % CuO / mass % Y2Cu2O5 / mass % Y2BaCuO5 / mass %

TP1 46,5 17,8 9,3 14,1
TP2 64,8 9,9 2,2 13,2
TP3 66,2 10,1 2,5 13,2
TP4 50,8 14,1 3,4 22,2
TP5 65,5 12,6 1,3 14,5
TP6 69,4 11,3 0 13,9
TP7 59,4 12,6 1,0 19,3
TP8 68,9 13,2 4,9 13,2
TP9 57,6 17 1,1 17,0

Figure 5 SEM drawings TP-6 components
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tained in a tubular furnace [3]. TP-5 and TP-3 were ef-
fective over time is shown in Figure 3.

Figure 4 shows the morphological properties of the 
TP-6 sample obtained in a tubular furnace were studied 
by a scanning electron microscopy (SEM) of the brand 
JED-2300. HTS YBa2Cu3O7-δ the structure is observed 
to be porous is shown in Figure 5.

CONCLUSIONS

It was established that the initial ratio of compo-
nents, annealing temperature and aging time directly af-
fect the qualitative and quantitative formation of the 
conducting phase. According to the analysis of the con-
ducted experiments Y-Ba-Cu-O the optimal composi-
tion (Y123) with the most conductive phase in the sys-
tem is formed by a small amount of copper nanoparti-
cles. Thus, we are made of copper nanoparticles Y-Ba-
Cu-O we have shown the synthesis of the material as a 
new primary substance by a solid-phase process at a 
temperature of 920 °C for different exposure times. 
When using complex compounds as new raw materials, 
it was found that a high conductive phase can occur at a 
lower heating temperature and a holding time (6 - 8 
hours). In addition, the results of XRD analysis, scan-
ning electron microscopy (SEM) and RFA analysis 
show that the prepared samples have a good morpholo-
gy without micropores, which proves the presence of a 
dense microstructure in the samples. It is obvious that 
dense conductors Y-Ba-Cu-O have a higher current den-
sity than low-density ones.
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