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Abstract:Currently, the technology of converting solar energy into heat is well developed, mature and
economically competitive.This project uses a quasi-metallurgical method of partial reduction of metals
from oxides using solid carbon in a solar furnace to synthesize cermet composite materials. This allows
obtaining metal nanoparticles directly from matrix oxides. By changing the carbon concentration,
temperature and process time, the concentration of metal nanoparticles and the conditions of the
reduction reaction can be changed.
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Renewable energy is a domestic resource of any country that has sufficient potential to produce the
energy needed to supply all or part of that country. [1] Solar energy is the cheapest and most
environmentally friendly form of renewable energy sources (QTEM). [2] The most significant
experience has been accumulated in its application. [3]

Due to the increase in the consumption of electricity in the republic, there was a need to increase
the production of electricity. [4] The development of solar energy in Uzbekistan will help meet the
demand for electricity without burning fossil fuels and thereby reduce greenhouse gas emissions. [5] In
addition, solar energy helps to develop the country's industry, create new jobs, increase the level of
electricity supply and fight against climate change. [6]

The most researched and prepared areas of solar energy use are:
 converting solar energy directly into electricity using photovoltaic panels;
 solar thermal devices for hot water supply and steam generation for thermodynamic

conversion.
Currently, the technology of converting solar energy into heat is well developed, mature and

economically competitive. [7]
The use of concentrator systems opened a new direction in solar energy. Thus, solar parabolic-

cylindrical concentrators were developed, in the center of which vacuum tubes with a selective
absorption coating were used, which made it possible to obtain steam with a temperature of up to 400 °C.
This steam temperature is not optimal for turbines. In order for the turbine to operate optimally with an
FIK of about 35%, steam must be heated to T = 600 - 700°C. Therefore, it is very important to develop
selective absorbing coatings that allow to increase the temperature of steam to 600-700°C. Currently,
technical oil is used as a heat carrier, which is heated in a heat sink and then transfers energy to steam in
a heat exchanger. The thermophysical properties of the heat carrier are very important. Currently,
various coolants with high thermophysical parameters, including nanocomposites, are being developed.
[8] The creation of efficient heat sinks means that solar thermal stations can run only on solar energy
during the day.

Another area where selective absorption coatings are used is hot water solar collectors. It is
known that in Uzbekistan, solar hot water collectors work only in the spring-summer-autumn season. [9]

Increasing the FIK of solar photothermal heating devices is one of the rapidly developing
directions of research in the field of solar energy. [10] Materials play a key role in solar energy
conversion efficiency. Efficient selective-absorbing coatings allow the creation of vacuum tubes for a
new generation of solar collectors that can operate all year round. [11]
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The main element of solar photothermal devices is a vacuum heat sink with a selective absorption
coating. The efficiency and profitability of the devices largely depends on the value of the selectivity
coefficient k = α/ , where α is the integral coefficient of absorption of solar radiation, ε is the integral
coefficient of the surface's own radiation. Therefore, the creation of film-forming materials with the
highest possible selectivity coefficient is considered the most urgent task. [12]

The most promising materials are multi-component composite systems based on oxide matrices
and metal fillers (cermets). [13]

There is very little published data on the optical characteristics of metal oxide films and coatings.
Therefore, it is of great interest to study the optical properties of metal-ceramic coatings in which metal
particles are dispersed in an oxide phase matrix. [14]

Kermet films are distinguished from other materials by the fact that they have a high
transparency in the IR-field of their surface thermal radiation, in a thickness that ensures almost
complete absorption of sunlight. [15] The ks value of single-layer pure cermet films on highly reflective
metal substrates is comparable to that of known multilayer thin-film coatings and, according to
theoretical calculations, may be higher. At high temperatures, cermets are more heat resistant than other
materials. [16] The reason for this is that cermet is a metal-ceramic composition in which the metal
phase, due to its plasticity, prevents the propagation of microcracks and therefore increases its heat
resistance. Optical properties (refractive and absorption indices) of coatings based on cermets can be
varied by purposefully selecting the metal-oxide pair (computer modeling) and changing the
concentration of the mixture components. Therefore, most of the world's research on high-temperature
selective absorption coatings is focused on cermets. [17]

Absorbent coatings based on cermets with high selectivity coefficient and high temperature
resistance create a new generation of year-round solar heat receivers with technical steam at 230-250 °C
and working body temperature above 400 °C with parabolic-cylindrical concentrator and vacuum allows
for the production of solar thermal devices with heat sinks and high-temperature solar power plants. [18]

Two approaches are used to obtain cermet coatings. In the first one, cermet semi-product
(zagotovka) obtained by heating (specanie) particles of oxides and metals according to ceramic
technology is sprayed. It is difficult to obtain dense, defect-free optical coatings from a material formed
by solid-phase heat bonding of a pressed slag. [19] The second approach is based on the separate
sputtering of oxides and metal powders from separate vaporizers onto the substrate. This method makes
it possible to achieve a high output (vosproizvodimosti) of the optical properties of the coatings, despite
the difficulty of obtaining a uniform distribution of the component particles in the coating. [20]

Melt evaporation of composite materials synthesized in a solar oven overcomes the limitations of
the presented approaches. Coatings obtained from the synthesized nanocomposite material have
improved spectral-optical properties. This is due to the fact that the initial synthesis of the
nanocomposite material allows to obtain a given structure, phase composition, and the loss of adsorbed
gases in the initial charge. The selective absorption coating obtained from the synthesized material has
high density and good adhesion properties.

In our research, we tested the technology of direct synthesis of cermets from metal and oxide
powders. The synthesis was carried out in air in a solar furnace. But at high temperatures in the air,
depending on the activity and dispersion, the metal powders were strongly oxidized. X-ray phase
analysis showed that in most of the synthesized materials the metal phase was mostly oxidized and only
traces of metals remained. The process is uncontrollable.

This project uses a quasi-metallurgical method of partial reduction of metals from oxides using
solid carbon in a solar furnace to synthesize cermet composite materials. This allows obtaining metal
nanoparticles directly from matrix oxides. By changing the carbon concentration, temperature and
process time, the concentration of metal nanoparticles and the conditions of the reduction reaction can be
changed.

The goal of the project is to synthesize nanocomposite metal-ceramic materials (cermets) by
partial reduction of metals from oxides in a solar furnace; research on the temperature dependence of the
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selectivity coefficient and heat resistance of nanocomposite coatings; to create a laboratory mock-up of a
vacuum-sealed solar heat sink.

The works carried out within the framework of this project are considered relevant and
economically promising. The successful results of the project allow to localize the production of one of
the main elements of solar photothermal heating devices - vacuum selective absorption heat receivers in
Uzbekistan.
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