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ABSTRACT
The report contains 60 pages, 35 figures, 47 sources, 2 appendices.

NANOSTRUCTURED MATERIALS, SUPERCAPACITORS, PHOTOCATALYTIC MATERIALS, ELECTRODES, SEMICONDUCTORS.
The object of research is nanostructured semiconductors, electrodes for capacitors, photocatalytic materials.

The aim of the research is to develop experimental methods for the synthesis of materials for the creation of supercapacitor electrodes, the synthesis of photocatalytic materials suitable for the photocatalytic decomposition of organic compounds.

The novelty of the research - the effect of a significant improvement in the electrochemical properties of electrodes for supercapacitors was discovered, a significant increase in the photocurrent in the WO3-Co3O4 system compared to WO3 films was found, and for the first time shown that the reduction of the oxide to metal particles (tungsten and cobalt) and the formation of core-shell particles leads to an increase in capacity.
Brief description of the final result: the technological conditions have been determined, which make it possible to purposefully synthesize with a high yield a highly dispersed tungsten oxide powder with a predetermined crystal structure: hexagonal h-WO3 or monoclinic m-WO3 modification of the crystal lattice. The synthesis by the hydrothermal method and by the method of chemical deposition was carried out. The samples of aqueous tungsten oxide WO3*H2O, cobalt hydroxycarbonate and cobalt oxide, solid solutions ZnO-CoO, cobalt and nickel hydroxides β-Co(OH)2 and β-Ni(OH)2 in the form of nanoparticles, thin films and layers were obtained. 
The technological conditions for carrying out the synthesis by the method of chemical deposition with a high yield and with reproducible preparation of highly dispersed materials suitable for creating electrodes for a wide range of applications have been determined. 

It has been shown for the first time that the growth mechanism in the case of equal molar concentrations of zinc and cobalt in the growth solution changes dramatically. By annealing in a hydrogen flow, a Zn1-xCoxO solid solution with a hexagonal lattice of the ZnO type was obtained. 

Composite electrodes for supercapacitors have been obtained, consisting of a matrix of highly dispersed carbon materials: microcrystalline graphite and multi-walled carbon nanotubes, as well as a filler of nanoparticles of nickel hydroxide.
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INTRODUCTION
Recently, nanostructured metal oxides such as Co, Ni, Fe, W and others have been widely studied, since they have great potential in many (electronic, optical, magnetic) applications and are important functional materials. Nanostructured metal oxides show promise for practical applications due to their high surface-to-volume ratio and high reactivity. High performance of these oxides is applied in electrochemical energy storage devices, sensors and catalysts and in biomedicine [1]. Metal oxides are typically characterized by wide band gaps and transparency, along with good electrical characteristics due to intrinsic defects and dopants.

The formation of nanostructures with different morphologies: zero-dimensional (0D), one-dimensional (1D) and two-dimensional (2D) provides additional opportunities to get the required properties to materials. A physical and chemical properties can be controlled by changing sizes within wide regions. Therefore, various synthesis methods are being developed to fabricate metal oxide nanoparticles and to control the size and shape of nanostructures.

Pyrolysis, i.e. thermal decomposition of precursors, electrodeposition, and precipitation from solutions are effective methods for the synthesis of oxide particles. The advantages of these methods are low cost, relative simplicity of equipment, and the ability to control the morphology, structure and properties of the product. Among the transition metals oxides, tungsten oxides has great practical interest due to potential applications such as supercapacitors electrode materials and storage batteries, in photocatalysis and sensors [1, 2]. WOx oxides have high structural stability, hydrophilicity and conductivity, as well as excellent electrochromic characteristics, which can be used in various types of sensors. The ability to proton conductivity of WOx oxides is promising for creating supercapacitors.

Zinc oxide is a promising material for the manufacture of various semiconductor sensors: gas, electrochemical, bio-sensors due to exhibiting high sensitivity, long-term stability and efficiency [2]. A low operating temperature of ZnO gas sensor makes them attractive and it lets to reduce energy consumption, increase service time of the gas sensors, and reduce the risk during detecting explosive and toxic gases. However, lowering the operating temperature is complex, and many efforts have been made through various methods to improve the sensitivity of ZnO sensors for low temperature operation.

Zinc oxide is also promising in biomedicine, where it demonstrates effective interaction with biological membranes and exhibits a pronounced antibacterial and anticancer effect. Environmentally friendly and economical methods based on the use of living organisms, natural biomolecules and waste are being developed using "green" nanotechnologies [3] to fabricate ZnO nanostructures. Synthesis methods of ZnO are being developed to improve cytocompatibility and biomedical properties, antibacterial or anticancer properties. ZnO nanoparticles are used for wound healing and as biosensitive elements to track low concentrations of biomarkers associated with various diseases.

Zinc oxide can also be used to create supercapacitors. A hybrid capacitor electrode from expanded graphene and zinc oxide is demonstrated in [4]. The electrochemical supercapacitor exhibits a high stored power density. A 3D graphene foam with a large specific surface was used as one electrode, and ZnO nanocrystals were used as the other electrode. A high and stable specific capacity was achieved (C = 448 F g -1).

Various ZnO-based composites are very promising materials. For example, the luminescent properties of zinc oxide and nanostructured porous silicon make these composites attractive for photoemission applications. In [5], a composite of ZnO and porous silicon on the silicon surface was obtained. The luminescent emission bands of the obtained layers can be tuned by changing the conditions of their manufacture, which is important for a number of solid-state lighting applications and promising for the LEDs creation.

Composites based on ZnO/CoO are important for applications in catalysis, sensors and supercapacitors. Mesoporous two-component composites ZnO/CoO demonstrate high electrochemical activity, fast chare rate, and the ability to support long-term cyclic operation, which is important as an anode material for lithium-ion batteries [6].

A high cyclic stability of pseudocapacitive materials based on a mesoporous heterostructure of zinc-cobalt oxide microspheres with carbon, doped with nitrogen (ZnO-CoO@NC) for high-energy supercapacitors was achieved [7]. The ZnO-CoO@NC electrode exhibits improved capacitance performance with excellent stability. Retention of 92% of the initial capacity was observed after 40,000 charge-discharge cycles at a current of 2 Ag-1, and the electrode morphology remained unchanged. The assembled asymmetric supercapacitor from graphene and ZnO-CoO@ NC composite also showed good cyclic stability. The good electrochemical characteristics of the ZnO-CoO@NC composite was explained by the mesoporous structure, the presence of a conducting ZnO framework, and a highly conductive carbon layer covering the outer part of the metal oxide nanoparticles.

Thus, the development of synthesis methods of metal oxides materials such as tungsten, zinc, cobalt oxides for the creation of effective electrochemical and catalytic materials is very important. A synthesis methods and study of the properties of materials WO3, ZnO and ZnO/CoO composites, cobalt and nickel hydroxides, obtained by pyrolysis, chemical deposition and electrodeposition are presented in this project.
The number of reports for 2018 is #0218РК00125, for 2019 is #0219РК00358.
1 Characterization of nanopowders synthesized by the pyrolysis method 
Pyrolysis of an aerosol obtained from an aqueous solution of the precursor of ammonium metatungstate hydrate with a variable concentration from 0.02 M to 0.06 M. The aerosol was achieved by spraying using an ultrasonic generator. Pyrolysis was carried out in a vertical tubular quartz furnace at temperatures from 350 to 700 °C in an air stream. The obtained powders were captured by a high-voltage (10 kV) filter at the exit. A scanning electron microscopy (SEM) of WO3 samples synthesized by pyrolysis at different concentrations is shown in fig. 1.
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Figure 1 - SEM images of WO3 nanopowders synthesized by aerosol pyrolysis at a temperature of 400 °C at different concentrations, image field size 4 μm

It was shown that morphology and phase composition of final products can be controlled by changing the synthesis conditions such as the concentration and the synthesis temperature. It was found that highly dispersed particles of hexagonal WO3 can be obtained at a low solution concentration (0.02 M) and a low synthesis temperature (400–450 °C). The particles become larger and transfer to monoclinic modification of tungsten oxide with an increase concentration and synthesis temperature (500-700 °C). This is clearly evidenced by XRD results (Figure 2). In addition, the significant half-width of the X-ray reflections indicates the small size of the crystallites. The average crystallite size estimated by the Scherrer formula 
D = (0.89 λ) / (β cosθ), 







(1)

is ~ 10 nm for samples synthesized at 400 °C and 30 nm for samples synthesized at 700 °C (Fig. 2). β is the width at half maximum (FWHM) of the X-ray diffraction line observed in experimental X-ray spectra at angles 2θ, and λ = 0.1540 nm - the wavelength Kα of the copper X-ray line.
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Figure 2 – XRD results for WO3 samples synthesized at 400 °C (h-WO3) and at 700 °C (m-WO3)

It is known [8], that hexagonal tungsten allows to achieve a significantly higher specific capacity than monoclinic WO3 due to the peculiarities of the crystal structure and the presence of channels for rapid diffusion of protons. This result is very important from a practical point of view for obtaining electrodes with a high electrochemical capacity. Therefore, we carried out works on comparing the capacitance of electrodes of the obtained WO3 samples with monoclinic and hexagonal structures.

Identical weighed portions of WO3 powders were taken to create the electrodes. Modifications of tungsten oxide are proved by XRD measurements. The powders were placed in a beaker with 5 ml of ethanol and dispersed in an ultrasonic bath for about 30 minutes. Then the dispersion was coated to a 20 mm× 5mm stainless steel mesh substrate. After air drying, the substrates were pressed using laboratory hydraulic press. Then, the substrates were cleaned with ethanol in an ultrasonic bath during 10 minutes to remove the powders which loosely attached to the substrate. After drying, the substrates were weighed; the mass of the sample was determined as the difference between the substrate masses with the pressed sample and the initial substrate.

Three-electrode system with a working electrode made of a stainless-steel mesh with a pressed powder, silver chloride (Ag/AgCl) electrode as a reference electrode, and with a platinum coil as an auxiliary electrode was used for measurements. An aqueous solution with a concentration of 0.5 M sulfuric acid was used as the electrolyte. The measurements were carried out using an Elins P-40X potentiostat with an FRA-24M electrochemical impedance measurement module.

Figure 3a shows the cyclic voltammetry (CV) curves for WO3 electrodes at a scan rate of 0.54 V/s. From the dependences of cyclic voltammetry, the specific capacity was calculated by the formula:
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where Cs is the specific capacity, m is the mass of the coated material, ν is scan rate, Vmax-Vmin is the potential window, I(V) is the current, the integration is performed in one cycle of voltammetry.
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Figure 3 - CV characteristics of WO3 electrodes at a scan rate of 0.54 V/s (a) and the dependence of the specific capacity on the scan rate: 1 - hexagonal modification h-WO3, 2 - monoclinic modification m-WO3 

It can be seen that with a decrease in the scanning rate, the capacity increases significantly, which is due to the involvement of slow diffusion processes of recharge. From measurements of the capacitance, it is shown, that hexagonal tungsten oxide allows to achieve a significantly higher specific capacity.
2 Characterization of nanoparticles, thin films and layers obtained by the hydrothermal method
2.1 Hydrous tungsten oxide WO3*H2O obtained by chemical deposition

The technology of chemical deposition from a solution of tungsten oxides, cobalt and nickel oxides and hydroxides were developed which are promising for the creation of asymmetric supercapacitors electrodes.

An aqueous solution with tungsten precursors were prepared for the synthesis of a highly dispersed powder of tungsten oxide WO3. Solution No.1 (water volume 50 ml) consisted of ammonium metatungstate (NH4)10W12O41xH2O with a tungsten concentration of 0.1, hydrochloric acid and citric acid with a concentration of 0.1 M. Hydrogen peroxide (30%) was also added to the solution to obtain a solution with volume concentration 15%. Then the solution was heated to 90 °C and kept for 5 hours. The formation of yellow tungsten oxide proceeded slowly, with a significant delay in the onset of the reaction. The result is a yellow powder. The powder was washed several times with water and centrifuged. Then it was dried in an oven at 110 °C. The theoretical yield final products were estimated in respect that measured obtained powder mass and used precursor mass. The reaction yield for tungsten was 28%.

A solution No.2 consisted of sodium tungstate Na2WO4*H2O with a tungsten concentration of 0.1, hydrochloric and citric acid with a concentration of 0.1 M. Nitric acid was added instead of hydrogen peroxide. In this case, the reaction of tungsten oxide formation proceeded more intensively than in the case of obtaining sample No.1. The solution was heated to 90 ° C and held for 5 hours, resulting in a highly dispersed yellow powder., The reaction yield for tungsten was determined, which was 39% after washing, drying the powder and weighing it.

Figure 4 shows SEM images of sample No.1 (left) and No.2 (right). Sample No.1 is a mixture of about 1-micron particles and much smaller plates. Sample No.2 consists of flakes of thin plates whose growth rate was significantly higher than sample No.2.

X-ray phase analysis (Fig. 5) indicates that both samples consist of one main phase - aqueous tungsten oxide WO3*H2O, since almost all observed X-ray reflections coincide with the PDF card # 01-084-0886 for the WO3*H2O phase. Only a number of very weak and unidentified reflections at angles 2 = 21.6, 24.3, 27.1, 28.4 and 40.0o do not belong to the WO3*H2O phase. The half-width of the reflections of the WO3*H2O phase is quite large, which allows us to estimate the average crystallite size using the Scherrer formula (formula (1) on page 9), which turned out to be approximately the same for both sample 1 and 2, and equal to 20-30 nm.
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Figure 4 – SEM pictures of synthesized powders, samples No. 1 (a) and No. 2 (b)
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Figure 5 - XRD data for WO3*H2O samples obtained from ammonium tungstate (sample No.1) and sodium tungstate (sample No.2)

Figure 6 shows the Raman spectra for WO3*H2O samples. The spectra were registered at room temperature with blue laser excitation (473 nm). As can be seen from the fig.8, the Raman spectra of both samples are almost identical. The Raman spectrum consists of two main bands at ~ 650 cm–1 and 940 cm–1 and an increasing low-frequency background recorded at a low level of the excitation beam. The bands at ~ 650 cm–1 and 940 cm–1 can be identified as belonging to the WO3*H2O phase [9].

The Raman spectra are rearranged corresponding to the lattice of the hydrous oxide WO3*H2O, when power of the excitation beam increases. Spectrum 2 appears (Figure 6), which coincides with the well-studied Raman spectra corresponding to the phase of monoclinic tungsten oxide WO3. Obviously, laser irradiation leads to the removal of water molecules from the sample and change the crystal lattice.

Thus, XRD and Raman studies demonstrate that the synthesized samples are hydrous tungsten oxide WO3*H2O, and have high dispersion with crystallite sizes of 20-30 nm, which are aggregated into micro- and nanoparticles.
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Figure 6 - Raman spectra for WO3*H2O samples prepared from ammonium tungstate (a) and sodium tungstate (b). Spectra with number 1 refer to low power of the excitation laser beam, with number 2 - with high power of the exciting beam

An aqueous dispersion was prepared from the obtained powders by intensive treatment in an ultrasonic bath. The dispersion was quite stable; decantation took place within 24 hours. We studied the optical transmission spectra of aqueous dispersions of WO3*H2O samples No. 1 and No.2, shown in Figure 7. As you can see, the spectrum of sample No.2 has a well-defined maximum at 348 nm. Such absorption spectra are characteristic of nanoparticles [10]. The maximum in the spectrum of sample No.1 is much less pronounced, which indicates a significant scatter of particle sizes in this sample. This correlates with the morphology features of samples No.1 and No.2, registered by electron microscopy, as in Figure 4. Since sample No.2 has smaller average particle sizes in comparison with sample No.1, the maximum in the absorption spectrum is well pronounced. The region where absorption grows rapidly corresponds to the band gap of the WO3*H2O material of about 2.8 eV [11].
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Figure 7 - Optical transmission spectra of aqueous dispersions of WO3*H2O No.1 and No.2

2.2 Synthesis of cobalt hydroxycarbonate and cobalt oxide powders

Cobalt oxide Co3O4 is a promising material for a wide range of practical applications: photocatalytic applications, anode materials for lithium-ion batteries, and electrodes for asymmetric supercapacitors [12, 13]. Therefore, the development of simple synthesis methods of highly dispersed cobalt oxides is an urgent task. Cobalt oxide powder is obtained by synthesizing cobalt hydroxycarbonate with its subsequent oxidation to oxide in this section.

Cobalt hydroxycarbonate powders were synthesized by a simple method of chemical precipitation from an aqueous solution of cobalt nitrate Co(NO3)2*6H2O and carbamide CH4N2O; the solution concentration was 0.1 M. The synthesis was carried out on a magnetic stirrer in a water bath at 95 °C for 24 hours. X-ray phase analysis showed phases of cobalt hydroxide-carbonates after synthesis, which were converted into cobalt oxide after annealing in air. Cobalt metal powders were obtained by annealing in a flow of hydrogen at 300 °C. Figure 8 shows SEM images of initial samples of cobalt hydroxycarbonate, cobalt oxide after annealing in air, and metallic cobalt after reduction in hydrogen.

Figure 9 shows XRD data for the initial samples after chemical deposition, it can be seen that the main phase is cobalt hydroxycarbonate, which turns into cobalt oxide after annealing in air at 350 °C. Annealing in a hydrogen atmosphere produces metallic cobalt.
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Figure 8 - SEM pictures of the initial samples of cobalt hydroxycarbonate (a), cobalt oxide after annealing in air (b) and reduced cobalt oxide (c)

Electrochemical measurements to determine the specific capacitance of the electrodes were performed using an Elins P-40X potentiostat in a three-electrode system. A platinum electrode was used as a counter electrode together with an Ag/AgCl electrode as a reference electrode. A KOH solution with a concentration of 3.5 M was used as an electrolyte. Working electrodes are made on the basis of nickel foam. The powdery sample was added to ethanol, homogenized in an ultrasonic bath, the resulting homogeneous suspension was applied to a 5 mm×12 mm substrate, then dried and pressed under a pressure of ~ 108 Pa. Particles not attached to the substrate were removed by treating the electrode in ethanol in an ultrasonic bath. The mass of the sample was determined as the difference between the electrode mass and the initial substrate mass.
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Figure 9 - XRD data for the initial samples of cobalt hydroxycarbonate (1), cobalt oxide after annealing in air (2) and cobalt oxide reduced in a flow of hydrogen (3)

Figure 10 shows the current-voltage CV characteristics of the electrodes, which were used to determine the capacitance of the electrodes using formula (2), see page 11. It is seen that the specific capacitance of the reduced cobalt oxide electrode, determined from the CV characteristics, was 90 F/gram, while the specific capacitance of the original cobalt oxide electrode was 14 F/gram. This effect can be explained by the fact that not all parts of the electrode composed of cobalt oxide particles are involved in creating the capacitance. For example, some areas where there is a large oxide thickness, the distance from the electrolyte to the metal substrate have a significant series electrical resistance, their participation in the formation of the capacitance is suppressed. At the same time, in the reduced samples, a thin oxide film formed in the course of electrochemical oxidation contributes to the capacity, and the entire volume of the oxide film participates in the formation of the capacity. The layer under the oxide film is metallic, therefore, it has a significantly higher conductivity, and all metal particles, due to tunneling currents flowing through thin oxide layers, form a well-conducting electrode with a high specific surface. Therefore, its capacity is significantly higher than the capacity of an electrode composed of oxide particles having a significantly lower electrical conductivity.
2.3 Solid solutions ZnO-CoO

Zn1-xCoxO nanopowders were obtained by chemical deposition from a solution followed by thermal annealing. Zn1-xCoxO system is attractive now due to the combination of different materials gives more functionalities. Zinc oxide ZnO is one of the intensively investigated multifunctional materials, promising for microelectronics, sensorics, solar energy and other applications. Therefore, structures and composites based on ZnO develop intensively over a long period of time [14-16]. ZnO is widely used in the manufacture of photovoltaic and electrochromic devices ("smart" window coatings), displays, solar cells, in the creation of semiconductor lasers and light-emitting diodes (LED, OLED) and flat-panel television panels, in the creation of various biological and gas sensors [17- 19]. Also, ZnO is an environmentally friendly and biocompatible material, which is important for biomedical applications.
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Figure 10 - CV current-voltage characteristics of a cobalt oxide electrode after annealing in air at 450oC (1) and after reduction in hydrogen (2)

Mixed semiconductors based on ZnO doped with transition metals (Co, Mn, etc.) combine electrical and ferromagnetic properties with optical transparency. Moreover, It has extreme interest for creating capacitors and batteries electrodes, storage and recording devices, and new spintronic devices [20 , 21].

A synthesis Zn1-xCoxO solid solutions with a ZnO type hexagonal structure, without impurity of the cubic phase of the CoO is complex and important. type. Since Zn1-xCoxO is promising for various applications, but its preparation is associated with a very limited solubility of the ZnO and CoO phases [22]. A single-phase Zn1-xCoxO powders are synthesized by chemical deposition with followed thermal annealing in this work. The dependence of the phase composition and optical absorption on the synthesis conditions has been studied. A significant broadening of the region of formation of ZnO-CoO solid solutions upon annealing in a hydrogen atmosphere was found.

ZnO-CoO powders are synthesized by chemical deposition using zinc nitrate Zn(NO3)2+6H2O, cobalt nitrate Co(NO3)2•6H2O, urotropine C6H12N4, and urea CH4ON2. An aqueous solution of 0.1 M zinc nitrate (50 ml) was used, and the molar ratios of Zn/Co in the growth solutions were changed from 10/0 (only zinc nitrate); 10/1; 10/3; 10/5; 10/7 to 10/10. In another series of syntheses, an aqueous solution of 0.1 M cobalt nitrate (50 ml) was used, the molar ratios of Zn/Co varied from 0/10 (only cobalt nitrate); 1/10; 3/10 and 10/10. The concentration of urotropine and urea was equimolar for zinc and cobalt, respectively, and varied depending on the ratio of Zn and Co in the solution.

The growth solution was placed in a beaker, which was kept in a water bath for 8-16 hours at a temperature of 92 °C. The resulting powder was washed several times with water and dried. Then the samples were annealed at a temperature of 350 °C in a stream of hydrogen for 4 hours.

The morphology of the synthesized samples was studied by scanning electron microscopy on a Quanta 3D 200i microscope (FEI). The crystal structure of the obtained powders was investigated using a MiniFlex Rigaku X-ray diffractometer with CuKα radiation. Raman spectra were studied at room temperature using a Solver Spectrum (NT-MDT) spectrometer with laser excitation at 473 nm. Optical spectra in the range of 300-800 nm were measured on a Lambda 35 Perkin Elmer optical spectrophotometer.

It is well known [23] that ZnO nanorods can be growth by chemical deposition from a solution of zinc nitrate and urotropine. It is also known [24] that the growth of cobalt hydroxycarbonate (HC-Co) Co(CO3)0.5(OH)0.11 H2O from a solution of cobalt nitrate Co(NO3)2 and urea can be synthesized by chemical deposition, which can also correspond to the HC-Co phase hydroxycarbonate with the chemical formula Co6(CO3)2 (OH)8H2O [25]. Fig. 11 shows the X-ray diffraction patterns of samples synthesized from growth solutions of pure cobalt nitrate (curve 1), growth solutions with a molar ratio of zinc and cobalt Zn/Co = 10/10 (curve 2) and 10/1 (curve 4); X-ray diffraction patterns of samples after annealing in a hydrogen atmosphere at 350 °C are also shown. It can be seen that the synthesis from a solution of cobalt nitrate leads to the formation of only the phase of cobalt hydroxycarbonate (HC-Co), in full agreement with the literature [24, 25] data.

However, it was unexpected that the formation of ZnO phases of cobalt hydroxycarbonate (HC-Co) was not observed in the presence of both components - zinc and cobalt nitrates in the growth solution. It means there is a sharp change in the growth mechanism. As seen from Fig. 11, curve 2, the growth of both the ZnO and HC-Co phases is suppressed at an equimolar ratio of zinc and cobalt. An unidentified phase with reflections at 5.6, 11.2, 16.8, 33.2, and 59.4o was formed. It should be noted that the yield of the synthesis reaction is high in this case, and most of the resulting material has a structure close to amorphous, as evidenced by the monotonic increase in the intensity of scattered radiation in the range of angles from 0 to ~ 25 °.

It was found that a sample synthesized at a Zn: Co = 10: 10 ratio in a growth solution transfer into the ZnCo2O4 phase at air calcination. However, the original sample can be transformed into a single-phase material with a hexagonal structure of wurtzite ZnO after thermal annealing of the synthesized powders in a hydrogen atmosphere. It is seen from Fig. 11, curve 3, only peaks corresponding to the hexagonal structure of wurtzite are observed in these samples. The peaks have a significant half-width, which indicates the small size of the crystallites. Estimation by the Williamson-Hall method gives crystallite sizes of about 1.5 nm.
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Figure 11 - XRD data for synthesized samples with Zn/Co ratio as 0/10 (curve 1), 10/10 (curves 2 and 3) and 10/1 (curves 4 and 5) immediately after synthesis (1, 2, 4 ) and after isochronous (30 min) annealing in a hydrogen at a temperature of 350 °C (curves 3 and 5)

A very weak additional peak is also observed at an angle of 43°, which corresponds to the formation cubic phase of the CoO type in the samples obtained at a ratio of Zn:Co = 1: 1 during the synthesis, and subjected first to annealing in air and then annealing in hydrogen. It can be concluded that the samples become two-phase, they contain the main phase - a ZnO-CoO solid solution with a hexagonal wurtzite structure, as well as a small impurity of the cubic cobalt oxide phase.

X-ray patterns 4 and 5 (Fig. 11) show peaks located at 2 = 31.76(, 34.4(, 36.24(, 47.5(, 56.56( etc., which are in good agreement with the literature data on reflections (100), (002 ), (101), (102), (110) of the hexagonal structure of wurtzite ZnO [26]. Strong and narrow diffraction peaks in the pattern indicate a polycrystalline phase with a high degree of crystallinity. Weak unidentified peaks are also observed at angles 5.5, 11.1, 16.7, 33 and 59o, as in curve 2.

Typical morphology of samples obtained at a molar ratio of zinc to cobalt in a growth solution of 10:10 is shown in Fig. 12. It can be seen that the material is highly dispersed, which corresponds to XRD data, and consists of individual particles in the form of flakes. When using solutions of pure zinc nitrate for the synthesis of ZnO, or pure cobalt nitrate for the synthesis of cobalt hydroxycarbonate, the synthesis yield was about 30-45% of theoretical. When cobalt nitrate was added to the zinc nitrate growth solution, or vice versa, zinc nitrate was added to the cobalt nitrate solution, the synthesis yield increased significantly. At an equimolar ratio of zinc and cobalt nitrates in the growth solution, the reaction yield was maximum and reached 80-85% of theoretical. This indicates that active growth of nanocrystals occurs in the solution of zinc and cobalt nitrates, which include both zinc and cobalt.
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Figure 12 - SEM images of samples synthesized by chemical deposition from a solution of zinc nitrate and cobalt nitrate with a Zn/Co ratio of 10/10 

The absorption spectra of the obtained ZnO-CoO powders in the visible region was studied using optical spectrophotometer (Fig. 13). The spectra of the samples obtained at equal concentrations of Zn and Co in the growth solution (Zn: Co = 10: 10) show peaks at 583 nm, 626 nm, and 677 nm (Fig. 13, curve 4). These absorption peaks gradually disappear when concentration of cobalt decreases, and although these peaks are observed even samples of Zn:Co = 10:1 ratio (Fig. 13, curve 1), their intensity is rather weak. Absorption at 583 nm, 626 nm, and 677 nm can be attributed to intraband absorption caused by d–d transitions of doubly charged cobalt Co 2+, which is in a tetrahedral environment [27].
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Figure13 - Absorption spectra of synthesized Zn1-xCoxO powders

in the visible region of the spectrum obtained with Lambda 35 spectrophotometer 

Figure 14 shows the Raman spectra of the synthesized samples. Spectrum 1 belongs to a ZnO sample grown by chemical deposition using zinc nitrate solution, spectrum 2 to a cobalt hydroxycarbonate sample obtained using cobalt nitrate solution. Spectrum 3 belongs to zinc and cobalt nitrates with a molar ratio Zn/Co = 10/10. Spectrum 1 is in good agreement with the Raman spectrum of ZnO known from the literature, and spectrum 3 - Zn1-xCoxO at x = 0.598 [28]. 

Despite the fact, that there are no any Raman modes for cobalt hydroxycarbonate in the literature, Raman spectrum for these samples was obtained (fig. 4 curve 2). We can be sure that these modes belong cobalt hydroxycarbonate because XRD results prove structure of cobalt hydroxycarbonate. Note that this Raman spectrum was fairly stable during laser excitation laser and measurements.
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Figure 14 - Raman spectra of ZnO (1) and Zn0.5Co0.5O samples immediately after synthesis (2) and after annealing in hydrogen at 350 °C for 3 hours (3) 

2.4 Cobalt and Nickel Hydroxides Prepared by Chemical Deposition 

Highly dispersed cobalt and nickel hydroxides samples were obtained by chemical precipitation using hydrolysis of cobalt and nickel acetates and potassium hydroxide. Alkali was added to aqueous solutions of precursors gradually for a mild reaction to achieve high dispersion. The final product was thoroughly washed with water and dried. 
The results of X-ray phase analysis (Fig. 15) show that hydroxides β-Co(OH)2 (card JCPDS 30- Ni(OH)20443) and β-Ni(OH)2 (card PDF #00-014-0117) were obtained. The broad half-width of the lines indicates the small size of the crystallites of the material. Using Scherrer's formula (formula (1) on page 9) allows us to estimate the average sheet thickness of the obtained nickel hydroxide Ni(OH)2, the crystallite size is the same for sample No.1 and No.2 and equal to 20-30 nm.
It is known that mesoporous materials β-Co(OH)2  and β-Ni(OH)2 are very promising for the manufacture of high-performance asymmetric supercapacitors, because they have a high theoretical capacity and relatively low cost [29, 30]. Therefore, the development of simple methods for obtaining them is relevant.

Figure 16 shows the A SEM image of samples β-Co(OH)2 and β-Ni(OH)2. A high dispersion of the synthesized materials is seen, and nickel hydroxide has the morphology of thin sheets with a high specific surface area. This fact coincides with the findings from XRD data. Cobalt hydroxide was obtained in the form of highly dispersed particles with an average size of about 10 nm.
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Figure 15 - X-ray results synthesized Co(OH)2 (a) and Ni(OH)2 samples (b)
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Figure 16 – SEM images of β-Co(OH)2 (a) and β-Ni(OH)2 (b) samples obtained by chemical deposition 

Figure 17 shows the optical absorption spectra of the synthesized powders of Co(OH)2  and Ni(OH)2 in the visible region of the spectrum. As can be seen, the absorption spectra for cobalt hydroxide have a maximum at 425 nm, which is close to the wavelength corresponding, according to the literature [31], to the energy of the band gap Eg for Co(OH)2, which is indicated by an arrow in the figure. Note that the observation of the maximum in the absorption spectra indicates a small spread in the sizes of nanoparticles of cobalt hydroxide, since the optical method, as well as XRD measurements, provide an integral characteristic of the sample.

At the same time, the absorption spectra for nickel hydroxide have the form of curves smoothly increasing in the short-wavelength region. This difference in the spectra is in good agreement with the fact that cobalt hydroxide is obtained in the form of nanoparticles, which cause the appearance of absorption maximum in the spectrum, corresponding to the maximum of the density of states in nanoparticles. Nickel hydroxide particles in the form of nanoplates can only cause a step in the absorption spectra, which corresponds to the step shape of the spectrum of the density states of two-dimensional systems.
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Figure 17 - Absorption spectra of synthesized Co(OH)2 and Ni(OH)2 powders in the visible region of the spectrum. The arrow indicates the position of the band gap Eg for Co(OH)2 according to the literature data. [31]

The band gap strongly depends on the atomic layers number For the Ni(OH)2 compound, varying from 2.3827 eV for thin Ni(OH)2 layers to 3-3.528 eV for bulk β- Ni(OH)2 samples [32]. The absence of a clearly defined structure in the absorption spectra of the Ni(OH)2 sample indicates that the sample consists of Ni(OH)2 plates with different thicknesses, due to which the peculiarity in absorption at Eg is blurred. This result is consistent with SEM images (Fig. 16), which show the layered structure of the synthesized Ni(OH)2 sample.

Figure 18 shows the Raman spectra of the Co(OH)2 and Ni(OH)2 samples immediately after synthesis. The spectrum of the Co No-1 sample corresponds to the Raman spectrum recorded at the low power of blue laser excitation at 473 nm. This spectrum is close to the Raman spectrum of freshly grown Co(OH)2 [33]. However, the spectrum transforms into the well-known spectrum of oxide Co3O4 when we increase laser power [34].

The Raman spectrum of Ni(OH)2 samples had a low intensity, weakly depended on the power of the excitation laser beam, and was close to the spectrum of Ni(OH)2 known from the literature [35]. Thus, the Raman spectra confirm the X-ray diffraction measurements by identifying the obtained samples.
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Figure18 - Raman spectra of Co(OH)2 and Ni(OH)2 samples immediately after synthesis 

2.5 Cobalt oxide electrodeposition 

Electrolytic deposition of cobalt oxide-hydroxide layers on a nickel foam substrate was also carried out. The deposition was carried out in a three-electrode cell in an electrolyte based on an aqueous solution of cobalt nitrate with a concentration of 0.2 M. The rectangular voltage is changed from -1V to +0.8 V, the duration of a period of 12 seconds, the number of cycles 100. Figure 19 shows SEM images of a substrate of nickel foam, it is seen that a porous layer is deposited on the substrate surface.

Figure 20 (a) shows the curves of cyclic volt-amperometry: 1 - sample from the initial nickel foam after establishing a stationary CV dependence in the electrolyte 0.5 M KOH. Curve 2 corresponds to cyclic voltammetry of the sample after electrodeposition for 100 cycles of alternating potential from -1 to +0.8 V for 25 sec. It is seen that the initial capacitance of the electrode after deposition increased by a factor of 8; the growth occurs due to the deposited layer, morphology is shown in Figure 20 (b).
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Figure 19 - SEM image of a nickel foam substrate before deposition (a) and after 100 electrodeposition cycles (b) 
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Figure 20 - (a) Cyclic voltammetry CV (1) - initial sample of nickel foam, (2) - sample after deposition in a cobalt nitrate electrolyte (the CV curves were measured in 0.5 M KOH electrolyte, the scan rate was 0.2 V/s), (b) - surface morphology of the sample after electrodeposition.
3 Characterization of the obtained supercapacitor electrodes
Carbon electrodes: firstly, synthesis methods for fabrication of pure carbon electrodes were worked out to create composite electrodes consisting of oxide materials embedded in a carbon matrix. Microcrystalline graphite and multi-walled carbon nanotubes were used as highly conductive carbon materials with a high specific surface.

Microcrystalline graphite was isolated from the carbon paint by decantation followed by washing, drying and annealing in an inert atmosphere at 600 °C. The morphology of the obtained material is shown in Figure 21.
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Figure 21 - The morphology of the microcrystalline graphite used in the work 
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Figure 22 – SEM images of synthesized MCNTs (a) and composites of nickel hydroxide in a carbon matrix (b) 

Multi-walled carbon nanotubes (MWCNTs) were obtained by a simple method of aerosol pyrolysis. For the synthesis of MWCNTs, ferrocene was dissolved in ethanol, which was sprayed using an ultrasonic aerosol generator, the aerosol flow was transferred by a transport gas - nitrogen - into a tubular furnace heated to 600 °C. MCNTs were deposited on the walls of the furnace and collected after synthesis. The morphology of the obtained material is shown in Figure 22 (a).
A microcrystalline graphite or MCNT 85%, 5% technical soot and 10% PVDF (polyvinylidene fluoride) powders were mixed to create the electrodes. The mixture was stirred with the addition of acetone until a thick paste. Then the paste was applied to two previously cleaned nickel plates., A condenser with a separator in the form of a paper filter was formed from the plates after drying the paste. The plates were compressed with a force of ~ 20 N. A 0.5 M KOH solution was used as an electrolyte. Figure 23 (a) shows the CV curves at scan rates of 2 and 6 mV/s. It can be seen that the CV curves are close to rectangular. Figure 23 (b) shows triangular galvanostatic charge-discharge curves. This indicates the good quality of the capacitor.

A calibration measurement was carried out, that is, measurements of the capacitance and mass of the electrodes to determine the specific capacity of the used carbon materials. The specific capacity of electrodes prepared under the same conditions in a 0.5 M KOH electrolyte for microcrystalline graphite was 50 F/g, and for MWCNTs the specific capacity was 65 F/g. Subsequently, the specific capacity of electrodes with oxide particles was determined by comparing the capacities of electrodes of the same mass with and without oxide nanoparticles.
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Figure 23 - (a) CV of microcrystalline graphite electrodes in an electrolyte of 0.5 M KOH (scan rate 2 and 6 mV/s) (b) - curves of galvanostatic charge-discharge

Composite electrodes with a carbon matrix and metal oxides nanoparticles are promising for achieving a higher specific capacity. The carbon matrix provides a high specific surface area and, accordingly, capacity due to the double charged layer at the electrode-electrolyte interface, as well as good conductivity of the entire electrode. Metal oxide nanoparticles provide additional capacity due to the occurrence of Faraday charge exchange reactions in the near-surface region.

The nature of the processes of recharging electrodes from metal oxides is of the well-known so-called "battery" type with well-pronounced anodic charging peaks and cathodic discharge peaks in the case of bulk materials. However, as shown in the literature [36, 37], the nature of the recharge processes becomes pseudocapacitive when using very thin layers or nanosized (5-10 nm) particles of metal oxides. Thus, the formation of composite electrodes can lead to an increase in the specific capacity.

A metal oxide powder was added to the initial mixture of carbon material with industrial black and PVDF polyvinylidene fluoride to format composite electrodes. A parameter such as the ratio of the amounts of carbon material and metal oxide nanoparticles, amount of the binder polymer and the total thickness of the working layer of the electrode are optimized to get electrode with maximum capacity. Experiments with nickel hydroxide powder have shown that, the proportion of carbon component should not be less than 50-60% by volume to maintain a low electrical resistance of the electrode. Since different oxides have different densities, the mass fraction of the oxide must be selected in each specific case. The proportion of the binder component was also varied empirically within the range of 5-15 wt% to increase the cohesion of the material.

Ethanol and propyl alcohol were used as the organic solvent for the preparation of the slurry, but the best results for achieving uniformity of the mixture were obtained using acetone. Typically, the procedure for creating an electrode was as follows: carbon material, metal oxide and PVDF polymer binder was mixed, then an organic solvent was poured to the mixture. The beaker was hermetically sealed and placed on a magnetic stirrer for stirring for 12-18 hours. Then the excess organic solvent was evaporated until the required emulsion consistency was obtained, comparable water-based dyes consistency.

The paste was applied to a previously cleaned and coated nickel foil substrate. After drying the paste, two nickel substrates with a paper separator between them were placed in an electrolyte - a solution of 0.5 M KOH, and compressed with a force of ~ 20 N. The curves of cyclic voltammetry and galvanostatic charge-discharge were measured in a two-electrode circuit.

The capacitance of the composite electrodes was measured as a function of the amount of nickel hydroxide obtained by the chemical deposition method, which is described in Section 3.2.4. Figure 24 (a, b and c) shows the cyclic voltammetry curves for three composite electrodes made from the same carbon mixture. The mass of nickel hydroxide varied as ~ 5% (figure a), ~ 10% (b), and ~ 15% (c) of the mass of the carbon mixture. 
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Figure 24 - Cyclic voltammetry curves at a sweep rate of 20 mV/s for three composite electrodes with a mass fraction of nickel hydroxide of 5% (a), 10% (b) and 15% (c)  
As can be clearly seen from the figure 24, the capacity of the carbon matrix remains approximately the same, and the contribution from the Faraday reactions increases with an increase in the mass fraction of nickel hydroxide. We also note that with a decrease in the potential sweep rate, the contribution due to Faraday reactions grows faster than the capacity of the double layer, which indicates a more significant contribution to the capacity of low-frequency diffusion Faraday processes in the oxide as compared to low-frequency charge exchange in a double charged layer in a carbon material.

Also, composite electrodes were obtained from a mixture equal amount (0.1 gram) of nickel hydroxide. Four variants of mixtures were compiled to obtain electrodes, for which the amount of the carbon component was taken in the amount of 0.1 gram (a), 0.15 g (b), 0.2 g (c), and 0.3 g (d). The mixture was homogenized, a binder polymer and acetone were added. A suspension of mixtures of 10 ml (a), 13 ml (b), 16 ml (c) and 20 ml (d) were taken to make electrodes. Consequently, the amount of nickel hydroxide was approximately the same in all four electrodes. The results of measurements of the curves of cyclic voltammetry and capacitance of these composite electrodes are shown in Figure 25 (a, b, c and d).
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Figure 25 - Cyclic voltammetry curves for composite electrodes with a fixed mass fraction of nickel hydroxide and an increasing fraction of the carbon component at a scan rate of 20 mV/s 
As can be clearly seen from Figures 25 (a, b, c, and d), the capacity due to redox Faraday reactions remains approximately the same. The height of the charge-discharge peaks is significantly lower for only figure (a), which may be due to the large fraction of oxide, which has a low conductivity compared to the carbon material; therefore, the total electrical resistance in this electrode is higher than others. It can be seen from the figure that the contribution to the total capacity due to the double layer at the interface between the carbon matrix and the electrolyte increases with an increase in the amount of the carbon component. The optimal ratio of the oxide component to the carbon component was 25-35%, while a specific capacity of 180 F/g at a current of 1 A/g was achieved. This value can be compared with the typical capacity of 50-65 F/g of carbon electrodes made by us. Thus, it has been shown that the formation of a composite electrode can significantly increase the capacitance.

A technique of manufacture of high-capacity electrodes using in-situ method: formation of oxide during electrochemical measurements has been developed. A cobalt hydroxycarbonate powder which are described in Section 3.2.2 was used for this. Cobalt hydroxycarbonate was mixed with carbon material in a weight ratio (1(5):10 and an electrode was formed, the capacity was measured in 0.5 M KOH electrolyte by CV cyclic voltammetry. Figure 26a shows the third cycle (curve 1), 30th (curve 2), 60th (curve 3) and 100th cycle (curve 4) CV measurements of a freshly prepared cobalt hydroxycarbonate electrode. As can be seen from the figure, the capacitance increases significantly during CV measurements and after 100 cycles almost stops changing. This means that cobalt hydroxycarbonate is oxidized to cobalt oxide during CV measurements. The shape of the CV curves is very different from the bell-shaped shapes characteristic of redox reactions, and is quite close to rectangular at low potential scan rates (Fig. 26 b). The specific capacitance of the electrode after in-situ oxidation was 370 F/g at a sweep rate of CV measurements of 2 mV/s.
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Figure 26 – Cyclic CV voltammetry curves: (a) curve 1 - 3 cycle of CV measurements, curve 2 - 30 cycle, curve 3 - 60 and curve 4 - 100 cycle of CV measurements at a scan rate of 0.2 V/s, (b) - CV curves taken at a scan rate of 2 mV/s (1) and 6 mV/s (2)
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Figure 27 – (a) Dependences of the potential on time for a galvanostatic charge-discharge of 2 A/g for an in-situ oxidized cobalt hydroxycarbonate electrode; (b) - Dependence of the imaginary part on the real part of the impedance

Figure 27a shows the dependence of the potential on time with a galvanostatic charge (2 A/g). It is seen that the charge-discharge curves have an almost triangular shape, which indicates the pseudo-capacitive nature of the electrochemical properties of the electrode. This behavior is typical for very small (~ 3-7 nm) oxide nanoparticles.

Figure 27b shows the imaginary part of the impedance versus the real part for this electrode. At high frequencies, the dependence can be represented as a semicircle, which corresponds to the capacitance of the double charged layer. As the frequency decreases, the contribution of the diffusion capacitance increases; the dependence can be represented as a straight line with a slope of 1.5, which corresponds to the impedance of an element with a constant phase and can simulate the impedance of ideal or deformed diffusion.

4 Characterization of the obtained materials for catalytic and photocatalytic processes 
At present, the using of energy-saving "green technologies" have attention of scientists all over the world. More and more pollutants accumulated in soil, air or water enter the environment with devastating long-term consequences. The problem of environmental pollution, including air and water, requires an urgent solution to this problem. Therefore, most countries have already invested a lot of money in research to improve production technologies so that they can maximize environmental protection. Scientists are looking for a solution to cope with the environmental damage.

Photocatalysis is one of the most effective water purification methods using solar energy. Photocatalysis is a process in which radiation causes the destruction of organic substances by hydroxyl radicals. There are many requirements for photocatalyst before this process to work [38].

Metal oxide semiconductors (such as TiO2 and ZnO) are the most suitable materials used for photocatalytic processes in industry and the environment (in particular, they are involved in wastewater decontamination processes). Semiconductors are relatively inexpensive, harmless to health, chemically stable, and highly sensitive to light [39–42].

However, semiconductors with a wide band gap used as photocatalysts have a number of disadvantages. One of them is that they exhibit catalytic effects only with ultraviolet radiation [43]. It has been noted that visible light with a spectral wavelength between 400 and 700 nm is about 45% of the total energy of solar radiation, while ultraviolet radiation is less than 10% [44]. In addition, the high rate of recombination of photogenerated electron – hole pairs in a single component limits the photocatalytic efficiency of semiconductors [39].

One of the most challenging tasks at present is to improve the photocatalytic activity of photocatalysts for practical applications in the visible range, namely, high energy transfer efficiency, non-toxicity and low cost. The main efforts in the field of photocatalysis are devoted to modifying existing photocatalysts to improve their photocatalytic characteristics [45, 46].

A low-cost method was used to synthesize semiconductor composites of copper (II) oxide and zinc oxide (ZnO/CuO) in this work. The morphology, structural, optical properties, and photocatalytic activity of ZnO/CuO samples were studied.

The effect of the concentration of copper sulfate in the ZnO/CuO structures on their photocatalytic properties has been studied. For this, ZnO/CuO nanocomposites were synthesized by low-temperature chemical deposition. The aqueous solution contained copper sulfate CuSO4 × 5H2O, zinc chloride ZnCl2 (20.0 mM), and sodium hydroxide NaOH (0.1 mol). A series of samples with different concentrations of copper sulfate (1 mmol - 2.0 mmol) is considered. The synthesis of powders was carried out in a hermetically sealed glass beaker at a temperature of 70ᵒC for 45 minutes on a heated magnetic stirrer (Figure 28).
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a – the initial stage of synthesis, b - the final stage

Figure 28 - Installation for chemical deposition of ZnO/CuO samples, synthesis duration 45 minutes, temperature 70ᵒC, pH = 11

The obtained samples were thoroughly washed with distilled water and dried at a temperature of 125ᵒC for 12 hours after synthesis.

SEM image of samples ZCP 15, ZCP 16 and ZCP 17 showed that the obtained ZnO/CuO nanocomposites consist of thin filamentary ZnO rods with CuO nanoparticles attached to them (Figure 29). It is noted that an increase in the content of copper sulfate in the growth solution to 2.0 mmol with the remaining parameters unchanged leads to an insignificant change in morphology: there are more flocculent structures and CuO nanoparticles. 
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Figure 29 - Morphology of ZnO/CuO samples, synthesis time 15 minutes, temperature 70ᵒC with different content of copper sulfate in solution: a - ZCP 15 (1 mmol), b - ZCP 16 (1.5 mmol), c - ZCP 17 (2 mmol)

The structural properties of the obtained ZnO/CuO samples were studied by X-ray diffraction analysis. XRD measurements were performed under the same conditions for all samples. Figure 30 shows diffraction patterns for samples ZCP 15, ZCP 16, ZCP 17. It is noted that the main phase is zinc oxide (PDF Card # 00-036-1451) with a hexagonal crystal lattice of wurtzite. Several weak reflections from the monoclinic lattice of copper oxide CuO are also present (PDF Card 00-041-0254). A slight decrease in the intensity of zinc oxide reflections was noted with an increase in the concentration of copper sulfate in the solution. The CuO content relative to the ZnO phase is estimated at 0.9, 2, and 1.8% for samples ZCP 15, ZCP 16, and ZCP 17, respectively.
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Figure 30 - Diffraction patterns of samples ZnO/CuO ZCP 15, ZCP 16 and ZCP 17

The study of the photocatalytic activity of the synthesized samples was tested using rhodamine - B (RhB) dye and ZnO/CuO composites under UV illumination. Figures 5-7 show the UV-vis absorption spectra of RhB solution with ZnO/CuO decreases, demonstrating its degradation in the presence of samples ZCP 15, ZCP 16 and ZCP 17.

UV-vis absorption spectra of RhB solution with ZnO/CuO powders was measured every 30 minutes during 150 minutes. It can be seen from Figures 31-33 that the maximum absorption intensity of the initial RhB solution with ZnO/CuO powder falls on 557 nm., the RhB absorption intensity gradually decreases in the presence of ZnO/CuO powders when exposure time increases, which indicates a decrease in the concentration of the RhB dye. The relative concentration of the RhB dye decreases with increasing exposure time. After 2 hours, the dye solution in the presence of these samples becomes almost colorless.
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Figure 31 – UV-vis absorption spectra RhB aqueous in presence of ZCP 15 sample
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Figure 32 - UV-vis absorption spectra RhB aqueous in presence of ZCP 16 sample
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Figure 33 – UV-vis absorption spectra RhB aqueous in presence of ZCP 17

It is known [47] that the CuO content affects the photocatalytic activity of ZnO. Figure 34 shows the kinetic curves for the degradation of rhodamine-B solution in the presence of ZnO/CuO structures under UV radiation for samples ZCP 15, ZCP16 and ZCP 17. The mass of each sample was 9 mg per 250 ml of dye solution. It can be seen that, increasing of CuO nanoparticles in ZnO/CuO composites leads to a decrease in their photocatalytic activity.
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Figure 34 - Degradation kinetic curves of rhodamine-B solution under UV illumination for 150 min in presence of samples ZCP 15, ZCP 16 and ZCP17 

The analysis of the influence of the amount of powder composites ZnO-CuO in an aqueous solution of the dye on its degradation was carried out (Figure 35) for ZCP 15 sample, which demonstrates the highest photocatalytic activity,
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Figure 35 - Kinetic curves in presence of ZCP 15 samples with various amounts of ZnO-CuO powder composites

The faster the dye degraded fast when weight of the composite sample increases. However, a non-linear relationship is noted, which is apparently explained by the effect of dimming upon exposure.

CONCLUSION
1 Technological condition to synthesize high yield dispersed tungsten oxide powder with a predetermined crystal structure: hexagonal h-WO3 or monoclinic m-WO3 modification has been determined. WO3 powders electrodes were prepared, and their electrochemical characteristics were measured. It is shown that the specific capacitance of hexagonal tungsten oxide electrodes is ~ 50% higher than the capacitance of electrodes made of monoclinic tungsten oxide.

2 It is shown that, while growing zinc and cobalt hydroxycarbonate is possible by chemical precipitation from a zinc nitrate and cobalt nitrate respectively, the mixing growth zinc and cobalt in equal molar concentrations suppresses of both zinc oxide and cobalt hydroxycarbonate. The growth mechanism of equal molar concentrations of zinc and cobalt changes dramatically. The final material is transformed upon calcination in air into oxide ZnCo2O4, and can be easily converted by annealing at 350 °C in hydrogen into a solid solution Zn1-xCoxO, which has a hexagonal lattice type ZnO. The highly dispersed powder of the Zn1-xCoxO solid solution has an average crystallite size of 1-2 nm, depending on the preparation conditions. The optical absorption spectra indicate the presence of doubly charged cobalt Co2+, which is in a tetrahedral environment. XRD and Raman results show that a single-phase solid solution of Zn1-xCoxO was obtained which consists of a hexagonal phase of the ZnO type.

3 An aqueous tungsten oxide WO3*H2O, cobalt hydroxycarbonate and cobalt oxide, solid solutions ZnO-CoO, cobalt and nickel hydroxides β-Co(OH)2 and β-Ni(OH)2  in the form of nanoparticles, thin films and layers were synthesized using hydrothermal method and chemical deposition. The obtained materials were characterized, the phase composition was identified, and the morphology of the nanostructured samples was determined. The technological conditions of chemical deposition synthesis to get high yield and with reproducible dispersed materials have been determined which suitable for creating electrodes for a wide range of applications.

4 Composite supercapacitors electrodes consisting of a matrix of highly dispersed carbon materials: microcrystalline graphite and multi-walled carbon nanotubes, as well as a filler of nickel hydroxide nanoparticles have been prepared. β-Co(OH)2 and β-Ni(OH)2 nanopowders were obtained by chemical deposition. A polyvinylidene fluoride polymer powder was used as a bonding material to create the electrodes. The main technological stages of the manufacture of electrodes were determined, the electrochemical parameters of the obtained structures were measured by x cyclic voltammetry and galvanostatic charge-discharge methods. The optimal ratios of highly dispersed carbon materials, a binder polymer and a solvent were determined to create mechanically strong layers with high conductivity and capacity for the manufacture of carbon electrodes. It is shown that composite electrodes are promising for creating capacitors with a high specific capacity.

5 A low-cost method of chemical deposition of ZnO-CuO structures from solution has been developed. The photocatalytic activity, morphology, and structural properties of the synthesized samples were studied. A SEM image ZnO/CuO showed thin ZnO plates immersed in a flake-like structure of CuO, or surrounded by CuO nanoparticles, depending on the concentration of copper sulfate in solution. When content of copper sulfate in the growth solution to 2.0 mmol with the remaining parameters unchanged increases, morphology was changed insignificantly: there are more flocculent structures and CuO nanoparticles. An increase of CuO nanoparticles more than 1% in ZnO/CuO composites leads to a decrease in their photocatalytic activity.
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Appendix B

Implementation Plan

2018-2020

	#
	Tasks and activities for their implementation
	Period of execution
	Expected results 

	
	
	Start
	End
	

	1
	Creation of experimental techniques for the synthesis of nanoparticles and thin layers


	03.01.2018
	25.12.2018
	Experimental methods for the synthesis of nanoparticles and thin layers will be created



	1.1
	Development of the method of pyrolysis of precursors in the liquid, gas phase and the form of aerosol particles


	03.01.2018


	31.03.2018
	A method for pyrolysis of precursors in the liquid, gas phase and the form of aerosol particles will be developed



	1.2
	Development of a hydrothermal method for the synthesis of nanoparticles and arrays of nanorods


	01.04.2018
	30.06.2018
	A hydrothermal method will be developed for the synthesis of nanoparticles and arrays of nanorods



	1.3
	Development of methods for forming electrodes using synthesized materials


	01.07.2018


	30.09.2018
	A method of forming electrodes using synthesized materials will be developed



	1.4
	Development of methods for optimizing the properties of nanoparticles for carrying out catalytic decomposition and oxidation reactions
	01.10.2018


	25.12.2018
	Methods will be developed to optimize the properties of nanoparticles for catalytic decomposition and oxidation reaction

	2
	Study of the properties of synthesized materials


	03.01.2019


	25.12.2019
	The properties of synthesized materials will be investigated



	2.1
	Investigation of the properties of materials synthesized by pyrolysis


	03.01.2019


	31.03.2019
	The properties of materials synthesized by pyrolysis will be investigated



	2.2
	Study of the properties of materials synthesized by the hydrothermal method


	01.04.2019


	30.06.2019
	The properties of materials synthesized by the hydrothermal method will be investigated



	2.3
	Investigation of the properties of electrodes formed using synthesized materials


	01.07.2019


	30.09.2019
	The properties of electrodes formed using synthesized materials will be investigated



	2.4
	Optimization of electrode manufacturing processes using synthesized materials
	01.10.2019


	25.12.2019
	Optimization of electrode manufacturing processes using synthesized materials will be carried out.

An application for an innovative patent of the Republic of Kazakhstan will be submitted.

The results of the project will be published in 1 article in foreign peer-reviewed scientific journals included in the Web of Science or Scopus database with a non-zero IF, and one article in a peer-reviewed foreign or domestic scientific publication with a non-zero IF.

	3
	Preparation of experimental samples of electrodes for supercapacitors and nanostructured catalytic materials, characterization of samples


	03.01.2020


	25.12.2020
	Experimental samples of electrodes for supercapacitors and nanostructured catalytic materials will be obtained, and characterization of the samples will be carried out



	3.1
	Characterization of samples obtained from synthesized nanopowders by pyrolysis


	03.01.2020


	31.03.2020
	Characterization of samples obtained from synthesized nanopowders by pyrolysis will be carried out



	3.2
	Characterization of nanoparticles, thin films and layers obtained by the hydrothermal method


	01.04.2020


	30.06.2020
	Characterization of nanoparticles, thin films and hydrothermal layers will be carried out



	3.3
	Characterization of the obtained electrodes for supercapacitors


	01.07.2020


	30.09.2020
	The resulting electrodes will be characterized for supercapacitors



	3.4
	Characterization of the obtained materials for catalytic and photocatalytic processes
	01.10.2020


	25.12.2020
	Characterization of the obtained materials for catalytic and photocatalytic processes will be carried out.

Project results 1 article will be published in a scientific journal included in the Web of Science or Scopus database with a non-zero IF, and one article in a peer-reviewed foreign or domestic scientific publication with a non-zero IF.
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Appendix 

Form for adjusting the schedule, expected project results
	#
	AP05130100
	Name of the project
	Development of technologies for obtaining nanostructured oxide semiconductors for a wide range of applications 

	Applicant:
	National nanotechnological laboratory open type, al-Farabi Kazakh national university, Ministry of Education and Science of the Republic of Kazakhstan
	Project manager
	Abdullin Khabibulla Abdullaevich

	
	
	
	for the whole period
	2018
	2019
	2020
	

	Requested project amount, thousand tenge
	109 500  
	36 500


	36 500  


	36 500  


	
	
	

	The approved amount of the NNS financing project, in thousand tenge
	23 947,1 
	8 000
	8 109,672 
	7 837,448 
	
	
	

	Stage No
	Schedule according to the Agreement
	Revised schedule
	

	
	Objectives / activities for 2018-2020
	Expected results 

for 2018-2020
	Objectives / activities for 2018-2020
	Expected results 

for 2018-2020 *
	Applicant's justification for project adjustments

	3.4
	Characterization of the obtained materials for catalytic and photocatalytic processes
	Characterization of the obtained materials for catalytic and photocatalytic processes will be carried out

As a result of the project, an application will be submitted to the Kazakhstan patent office and an innovative patent is expected to be obtained.

As a result of the project, at least 2 articles will be published in foreign peer-reviewed scientific journals of the materials science profile of the Scopus base with a non-zero impact factor, for example, J. Applied Physics, Physica B: Condensed Matter, as well as at least 2 articles in Russian journals.
	Characterization of the obtained materials for catalytic and photocatalytic processes
	The resulting materials will be characterized for catalytic and photocatalytic processes. Based on the results of the project, an application will be submitted to the Kazakhstan patent office.

According to the results of the project, at least 2 articles will be published in foreign peer-reviewed scientific journals of a materials science profile included in the Scopus or Web of Science database with a nonzero IF, as well as at least 2 articles in journals reviewed by foreign or domestic scientific publications with non-zero impact factor.
	The name of the journals removed, due to the change in the relevance of the journals.


 *  requirements for program results in accordance with clause 20 of the tender documentation do not change
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