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ABSTRACT
Report 1, Page 61, figure 25, Table 9, appendices 3
ELECTROCHEMISTRY, NANOSCALE POWDERS, VARIABLE VALENCE IONS, COPPER, SELENIUM, TELLURIUM, PLATINUM, PALLADIUM
The object of research: Determination of the mechanisms of electrochemical and chemical formation of particles of ultra-fast and nanorasmic platinum, palladium powders in acidic solutions and extraction of powders of these metals. 
The purpose of the work: To study the mechanisms of formation of platinum and palladium powders by chemical means in the cathode space and in the electrolyte volume during cathode polarization. On the basis of these studies, the development of new methods for obtaining ultradisperse and nanoscale powders of these metals and patent protection of their novelty.
Research methods: In order to understand the mechanism of electrochemical reactions occurring at the electrode, the anode, cathode and cyclic potentiodynamic polarization curves of platinum and palladium electrodes were taken.

By electrolysis in an electrolyte containing four-valence titanium ions, reducing it to a three-valence state at the cathode and interacting them with platinum, palladium ions, ultra-and nanorasmeric powders of these metals were obtained.
The influence of various electrochemical parameters on the formation of platinum, palladium powders in the cathode area and electrolyte volume was studied. The size and shape of the resulting powders were determined. The research work was carried out on a potentiostat Аutolab PGSTAT – 302N, samples on an electron microscope JSM - 6610LV, a current rectifier RXN -  305D, etc.with very high accuracy, according to modern requirements.

The results and novelty obtained: cyclic cathodic-anode, anodic-cathodic potentiodynamic polarization curves of platinum and palladium ions were obtained. For the first time, it was shown that by electrolysis under galvonostatic conditions, platinum and palladium ions in a solution containing titanium (IV) ions form their own fine powders in the cathode area and electrolyte volume.
During electrolysis, the influence of various parameters on the dispersion of metal powders formed in the area of the cathode, in the volume of the electrolyte was determined. Elemental and electron - microscopic analysis of the obtained platinum and palladium powders was carried out, their shape and size were determined.
A new method and technology for obtaining ultradisperse platinum and palladium powders has been proposed. It is established that under certain conditions, atomic metals are formed and their colloidal solutions are formed.
Scope of application: metallurgy, electrochemical production, 3D technology, medical field.
The main structural and technical–economic indicators: For the first time, the formation of ultra – and nanoscale powders of platinum and palladium with the Ті (ІІІ) – Ті (ІV) «red – ox» system and ways to obtain them were demonstrated. Nanorasmeric spherical powders of this metal are very widely used in the implementation of 3D technology. The use of colloidal solutions of these elements as medicines in the field of Medicine meets the requirements of modern times.
Degree of implementation: The project is subject to Fundamental Research. Based on the obtained scientific data, scientific articles were published in leading publications. The novelty of the obtained scientific results was protected by a patent.
Efficiency: The process of obtaining platinum and palladium powders is carried out at room temperature.
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INTRODUCTION
In previous research papers, an electrochemical method for obtaining nanoscale, ultradisperse metal powders was considered impossible. The reason is that due to the formation of metal powders at a high cathode current density, that is, when the threshold current density is reached and the cathode potential is shifted to the negative side, the formation of fine powders becomes impossible [1-5]. Under such conditions, newly formed formations (germ, crystals) of metals grow, resulting in relatively large metal powders. In this regard, it is considered impractical to obtain nanoscale metal powders at the cathode.
The sharp increase in interest in powders of metals in a highly dispersed state in recent years is due to the fact that they have unique physical and chemical properties [6-8]. In this regard, the scope of application of metal powders, the size of which is very finely dispersed, is expanding, and the demand for them is increasing from year to year. In the chemical and automotive industries, catalysts are made from them and are widely used. Thus, the increase in interest in various alloys containing platinum metal powders along with tin is due to their high catalytic activity and selectivity in the processes of oil reforming [9], as well as hydrogenation, isomerization [10], dehydrogenation, dehalogenation [11], carboxylation, hydroformylation [12] and activation of their surface during chemical metallization of dielectrics [13], etc. In addition, the demand for metal powders in energy, medicine, electronics, paints and other industries is growing every year. 

One of the powders that currently occupy an important place in the technique is selenium powders. Selenium powder is used in the production of ceramics and glass. Selenium, which is added to glass products, gives them a variety of colorful colors. Colored glass products are widely used to serve as color filters in color alarm system. This property of Selenium has been in high demand in both the technical and chemical industries and has long been the main consumer of selenium.
In the well – known literature, the production of its powders by reducing platinum metal ions is mainly carried out by two methods: chemical and electrochemical. In the chemical process, mainly formaldehyde, hydrazine and hydrogen are used as reducing agents. It is also known to oxidize them with the following reagents: ascorbic acid, Zn, Hg(I), Cu(I), Cr(II), Ti(III) and HCOONa [14].
Advantages of the new methods presented in this project we have shown for the first time the main possibility of obtaining nanoscale metal powders in the volume of the solution in the presence of variable valence ions in the solution in the space near the cathode and anode.
The principles of obtaining nanoscale metal particles are as follows: at the cathode, conditions are selected in which a high variable ion is reduced to a low valence. The value of the potential of the redox system should have a negative value compared to the reduction of the resulting nanoscale metal powder. When such a new mechanism is present in the solution with variable valence ions, i.e. "red-ox" systems, it becomes possible to obtain nanoscale metal particles.
№ АР05131096 "Investigation of the patterns of formation of nano- and ultra-dispersed metal powders during electrochemical polarization near the electrodes and in the solution volume" this report is commissioned by the Committee of Science of the Ministry of Education and Science of Kazakhstan "Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures" priority, and in this priority in the direction of "Basic research in the field of chemical science» (Fundamental research in the field of Chemical Science).
The interim report for 2018 (AP05131096-OT-18) was registered and submitted to the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan under inventory number №0218РК00316.

The interim report for 2019 (AP05131096-OT-19) was registered and submitted to the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan under inventory number №0219РК00580.
1 Study of the formation of ultradisperse powders of platinum and palladium in aqueous solutions 

1.1 Investigation of the properties of a platinum electrode in the presence of variable valence ions by lowering the anode, cathode and cyclic polarization curves  
It is known from the literature that platinum metal shows a very active catalytic property under fine dispersion conditions. This property of platinum allows it to be used as a catalyst in many chemical reactions occurring on a production scale. The normal course of many reactions is provided by, for example, the reaction of adding hydrogen to aromatic compounds at room temperature, as well as the oxidation of the vapors of wine alcohol to acetic acid at normal temperature. In addition, the use of nanoscale metal powders in modern production is much more effective than the use of whole metals. 

The reduction of platinum ions at the cathode by capturing potentiodynamic polarization curves has been well studied in many scientific literature [15]. In addition, [19] in the work, the reduction of platinum (IV) ions at the titanium cathode is considered in various aqueous environments. Summing up the results of the study, these authors found that the cathode reduction of platinum (IV) ions is significantly influenced by the solution medium and its composition. It is well known that platinum ions in aqueous solutions tend to form various complexes due to the acidity, neutrality or alkalinity of the medium, that is, in short, due to changes in the pH of the medium, and can be in these environments at +2 and +4 degrees of oxidation [16-18]. For example, in aqueous solutions of [РtСl6]2- complex, due to changes in the pH of the medium, aquatation and hydrolysis reactions occur, as a result of which, respectively, [Рt(Н2О)nСl6-n]n-2- (n=1;2), [Рt(Н2О)k(OH)mСl6-m-k]k-2 (m=1;2, k=1;2),  [Рt(ОН)mСl6-m] 2- (m=1-6) type it is known from the literature that aquachloro - and aquahydroxochlorocomplexes and [Рt2Сl(ОН)7(Н2О)2] form biodegradable compounds [20]. 

Potentiodynamic polarization curves were captured in potentiodynamic mode (AutoLab potentiostat) on an electrolyzer with a volume of 50-75 ml. A chlorine-silver electrode was used as a relative electrode, and the potential values were compared with this electrode.

Cathode reduction of platinum (IV) ions on a titanium electrode, potentiodynamic polarization curves in an aqueous solution of sodium sulfate 30 g/l were studied by the method of descent. 
On the cathode potentiodynamic curves, at potential values of -370 and -500 MV, platinum (IV) ions are recorded as maximally reducing in two stages to RT(IV) → RT(II)→ RT(0) (Figure 1 Curve 2). 

Pt4+ + 2e → Pt2+                                                                                            (1)  
Pt2+ + 2e → Pt0         (Е0=1,2В)                                                                    (2)     
At the same time, the ratio of the maximum current registered at the potential value of -370 mV and the maximum current registered at the potential value of -500 mV is approximately the same, which also indicates the two-electron-stage reduction of Pt (IV) ions. Further-starting from 1150mv, there is a reduction of hydrogen ions and the release of hydrogen gas on the surface of the electrode:

2H+ + 2e→ H2



                           
                           (3)

 As can be seen from the figure, the high stress of hydrogen separation on the titanium electrode indicates that it is rational to use the titanium electrode as a cathode material for the production of platinum powders. 

In order to radically understand our fixed polarization curves above, cyclic cathode-anode polarization curves were captured on a titanium electrode. When the potential value is shifted in the direction of the cathode, as shown in Figure 2, three reduction currents are registered in the area of maximum potentials on the cathode curve shown in the polarogram and corresponding to the value of hydrogen reduction potentials. When we shift the potential value from the cathode to the direction of the anode, we can see that an oxygen oxidation reaction occurs at +1625mV. 
[image: image1.png]. MB

s MA

2

500

=500

-1000

-1500

E

kS

, MB




2 g/l Pt (IV), V = 100мV/sek,  t = 250C: 1 - background – 30 g/l,  Na2SO4; 2 – 30 g/l  Na2SO4 + 2 g/l Pt (IV) (the electrode surface is pre-chemically treated in nitric acid)

Figure 1 - Cathodic polarization curves captured on a titanium electrode
The effect of its initial concentration on the reduction of platinum (IV) ions at the cathode is considered (Figure 3). As can be seen from the figure, with an increase in the concentration of Pt (IV) ions, you can see an increase in both of its reduction maxims, and it is observed that the maximum values of the other shift towards the area of negative potentials.                  
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background – 30 g/l Na2SO4, 2 g/l Pt (IV), V = 100мV/sec, t = 250C 
Figure 2 - Cyclic cathode-anode polarization curve taken on a titanium electrode
Based on experimental data, it was found that the dependence captured at the lgС(Рt+2 and Рt +4)-lgi coordinate is straight-line. The reaction sequence calculated based on this dependence between the concentration of platinum ions and its reduction current picts is 0.1 for the first maximum (Figure 4, Figure 1) and 0.09 for the second (Figure 4, Figure 2)

Further, the effect of the rate of potential transfer to the electrode on the reduction reaction of Рt (IV) ions at the cathode was studied. As the potential transfer rate increases, the values of the maximum reduction current values of Рt (ІV) ions increase (Figure 5). However, it is noted that the ratio of the second current Maxima to the fixed current maxima changes at the potential value of -370 mV, that is, as the potential transfer rate increases, the second current maxima significantly increases and shifts in the direction of the negative potential. 
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30 g/l Na2SO4, t = 250C, pH=2,5, V = 100 мV/sec, С(Pt(IV)), g/l: 1 – 1; 2 – 2; 3 – 3, 4 – 4 
Figure 3 - Cathodic polarization curves captured at different concentrations of platinum ions on a titanium electrode
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1 - the first current maximum; 2-the dependence constructed for the second current maximum
Figure 4 - Dependence between logarithms of limited current height and different concentrations of platinum ions
The effect of solution temperature on the reduction of platinum ions is shown in Figure 6. As can be seen in the figure, when the electrolyte temperature increases, along with the increase in the maximum reduction current of Рt (ІV) ions in both cases, there is a shift in the positive direction of the reduction potential value. These data show that an increase in temperature, in turn, allows cathode reactions to occur at low supervoltage. When the electrolyte temperature increases, there is a decrease in the excess voltage of hydrogen gas release. 
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30 g/l Na2SO4, 2 g/l Pt (IV), t = 250C, pH=2,5, V, мV/sec: 1 – 50; 2 – 100; 3 – 150; 4 – 200 
Figure 5 - Cathodic polarization curves captured at different potential transfer rates on a titanium electrode
Temperature-kinetic method [17], the effective activation energy was calculated at the maximum values of the first current - ∆Е – -189, -221, -253 mV and the maximum values of the second current - ∆Е -426, -458, -490 mV, respectively, for the first reduction stage - 46.18, 35.23, 28.56 kJ/mol (fig.7a) and for the second stage – 19.52, 14.28, and 10.95 kJ/mol were equal (fig. 7b). These determined values indicate that the reduction reaction of platinum ions in an aqueous solution of sulfuric acid sodium sulfate occurs in a diffuse and electrochemical mixed mode.
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30 g/l Na2SO4, 2 g/l Pt (IV), pH=2,5, V = 100 mV/sec, t, 0C: 1 – 20; 2 – 40; 3 – 60; 4 – 80 
Figure 6 - Cathodic polarization curves captured at different temperatures on a titanium electrode
The effect of the pH of the solution on the cathode reduction reaction of platinum ions was considered. In cathodic polarization curves, it is observed that the pH of the medium is significantly affected. It was found that in potentiodynamic polarization curves, when the pH of the medium is equal to 1 (Figure 8 curve 1), it is single-stage up to Рt(ІV) → Рt(0) and is accompanied by hydrogen separation. With a slight increase in the pH of the solution to 1.5, the reduction of Рt(ІV) ions is gradual and its first stage, i.e. the potential value of the maximum current of the reduction to Рt(ІV) → Рt(ІІ) shifts in a positive direction, therefore, occurs at potential values of -240 mV, and then the reduction to Рt(ІІ) → Рt(0)  shows that hydrogen separation occurs simultaneously (figure 8 Curve 2). With a decrease in the pH of the electrolyte, there is an increase in the electrochemical activity of Рt(ІV) ions and a slight decrease in the supervoltage of hydrogen release. It should be noted that sulfuric acid was used to increase the acidity of the medium. 
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а - up to the first current maximum ΔЕ, mV: 1  -189; 2  -221; 3 -253; 
b - up to the second current maximum ΔЕ, mV: 1  -426; 2  -458; 3 -490
Figure 7 - Dependence of the lgІ value on temperature (1/T*103) at different supervoltage values
Thus, with an increase in the pH of the medium (it should be noted that in a solution of 2 g/l Н2[РtСl6] + 26,4 g/l Na2SO4, the pH of the medium is equal to 2.5), two reduction current maxima are recorded, as can be seen in Figure 8 (curves 3 and 4). The initial maximum current is the reduction of Рt(ІV) → Рt(ІІ) to potential values of -260 mV(Fig.3) at the pH of the medium equal to 2 and -370 mV (fig. 4 curves 8) at the pH of 2.5 and the gradual reduction currents of Рt(ІV) ions to metallic platinum, followed by Рt(II) ions at -500 mV. When we further increased the pH of the electrolyte medium, a gradual decrease in the values of the maximum reduction current of platinum ions was recorded (figure 8 curves 5,6,7). According to our assumptions, this is due to a decrease in the electrochemical activity of platinum complexes formed in weak acidic and alkaline environments. [18] in the author's works, in sulfate solutions, with a decrease in the acidity of the medium and an increase in pH, the formation of sulfate bubbles occurs, which leads to an increase in the aqua-and aquahydroxosulfate complex of platinum ions and an increase in their polymerization effect. It was found that platinum (IV) ions form solid complexes in such environments
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30 g/l Na2SO4, 2 g/l Pt (IV), V = 100mV/sec, t = 250C, pH: 1-1, 2-1,5, 
3-2, 4-2, 5, 5-4, 6-7, 7-9

Figure 8 - Cathodic polarization curve taken at different temperatures on a titanium electrode
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1 – back ground H2SO4 = 30 g/l, Na2SO4= 30 g/l; 2 - H2SO4 = 30 g/l; Na2SO4 = 30 g/l; Pt(IV) = 2 g/l; 3 - H2SO4 = 30 g/l; Na2SO4 = 30 g/l; Pt(IV) = 2 g/l; Ti(IV)=10 g/l
Figure 9 - Cathode potentiodynamic polarization curves captured on a titanium electrode in a solution of sulfuric acid sodium sulfate containing platinum (IV) ions
When titanium (IV) ions are added to a solution of sulfuric acid sodium sulfate containing platinum ions, there is no significant effect on the maximum reduction of platinum (IV) ions, as can be seen on the cathodic polarization curve (Figure 9, curve 3). 

In conclusion, our research work examined the influence of various parameters (potential transfer rate, platinum (IV) ion concentration, electrolyte temperature and pH of the medium) on cathode reduction of platinum ions on a titanium electrode. In the course of the study, it was shown that when the pH of the medium is equal to 2.5, platinum (IV) ions are gradually reduced, when the acidity of the medium increases, the excess hydrogen release stress on the titanium electrode shifts in a positive direction, and platinum (IV) ions are reduced along with hydrogen. Temperature-shows that according to the values determined by the kinetic method, the reduction reaction of platinum ions in an aqueous solution of sulfuric acid sodium sulfate occurs in a diffuse and electrochemical mixed mode.

It turned out that as the pH of the solution medium increases, the electrochemical activity of platinum complexes decreases. It was found that the high voltage of hydrogen separation in the titanium electrode, the use of a titanium electrode as a cathode material for the production of platinum powders, is more effective. 

1.2 Investigation of the properties of a palladium electrode in the presence of variable valence ions by lowering the anode, cathode and cyclic polarization curves
The values of electrode reactions mainly depend on the concentrations of ligands, and some reactions depend on the pH of the solution. In the area of equilibrium potentials, the Palladium electrode shows stability, and at very high positive potentials it passes to its oxide and hydroxide. Palladium can only exist as simple ions in highly acidic solutions. When the potential values are negative, palladium ions are oxidized to an elemental state.
Table 1 - Standard potentials of palladium in aqueous environments
	№
	Reactions 
	Standard potentials, V

	1
	Pb + 4 CN- = [Pb (CN)4 ]2- + 2e
	-0.50

	2
	Pb + 4 NH3 = [Pb (NH3)4 ]2+ + 2e
	+0.103

	3
	Pb + 2En = [Pb En2]2- + 2e
	+0.193

	4
	Pb + 4 OH- = [Pb (OH)4 ]2- + 2e
	+0.211

	5
	Pb + 4 CN- = [Pb (SCN)4 ]2- + 2e
	+0.221

	6
	Pb + 4I-  = [Pb I4 ]2- +2e
	+0.278

	7
	Pb + Edta  = [Pb Edta ]2- + 2e
	+0.441

	8
	Pb +NH2CH2COO-  = [Pb (HN2CH2COO)2]2- + 2e
	+0.470

	9
	[Pb I4]2-  + 2I-  = [Pb I6]2- +2e
	+0.482

	10
	Pb +  NH3 +3Сl -  = [Pb (NH3)Cl3 ]- + 2e
	+0.536

	11
	Pb + 4 NO3 = [Pb (NO2)4 ]2- + 2e
	+0.541

	12
	Pb + 4 Cl- = [PbCl4 ]2- + 2e
	+0.596

	13
	Pb + 4 Br - = [PbBr4 ]2- + 2e
	+0.601

	14
	Pb + H2O = PbO+2H+ + 2e
	+0.896

	15
	Pb + 2OH- = Pb(OH)2 + 2e
	+0.07

	16
	Pb = Pb 2+ + 2e
	+0.987

	17
	[Pb Br4]2-  + Br-  = [Pb Br6]2- + 2e
	+0.993

	18
	Pb2+ + H2O = PbO2+4H+ + 4e
	+1.194

	19
	Pb + H2O = PbO2+4H+ + 4e
	+1.283

	20
	[Pb Br4]2-  + 2Cl-  = [Pb Cl6]2- + 2e
	+1.288

	21
	[Pb(ClO)2]2-  + 4ClO4-  = [Pb(ClO4)6]2-  + 2e
	+1.60


As can be seen from Figure 10, the equilibrium potential of the palladium electrode depends on the nature and concentrations of ligands. Increasing ligand concentrations increases palladium resistance to complex compounds.
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Figure 10 – Complex compounds of reactions occurring on a palladium electrode changes in the equilibrium potential depending on the activity of ligands number of curves according to the reaction numbers in table 1
In a solution of hydrochloric acid, the anode – cathode, cathode – anode cyclic polarization curves of the palladium electrode were drawn in potentiodynamic mode (figures 11 and 12). When the potential value is shifted to the right, the anode maximum is recorded, which characterizes the oxidation of palladium to form two valence ions in the polarogram in the area of potentials "plus" 0.60 V – "plus" 0.80 V. And when the potential value is shifted in the direction of the cathode, the discharge current of hydrogen ions starting from "minus" 0.2 V is registered in the polarogram. Of course, at this time, there is a reaction of redox of its ions formed during the polarization of palladium anode, but due to their very small concentrations, they are not clearly observed in the polarogram.

The results of the study show that an increase in hydrochloric acid concentrations increases the maximum oxidation current of the palladium anode, which means that at this time the melting rate of this electrode increases:

Pd + 2Cl-  → [PdCl3 ]-                                                                                    (4)
At high concentrations of hydrochloric acid, such reactions occur:
PdCl2 + Cl → [PdCl3 ]-                                                                                                                             (5)
[PdCl3 ]- + → [PdCl4 ]-                                                                                                                              (6)
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HCl – 2n, t=25 0С, V=100 mV/sec 
Figure 11 - Cyclic anode-cathode polarization rod captured on a palladium electrode 
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HCl – 2n, t=25 0С, V=100 mV/sec
Figure 12 - Cyclic cathode-anode polarization rod captured on a palladium electrode 
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V = 100 mV/sec,  t = 250C: a - background – 30 g/l NaCl; б – 30 g/l NaCl + 5 g/l Pd (IV) (the electrode surface is pre-chemically treated in nitric acid)

Figure 13 - Cathode potentiodynamic polarization curves captured on a titanium electrode
Cathode reduction of palladium (II) ions on a titanium electrode, potentiodynamic polarization curves in an aqueous solution of sodium chloride of 30 g/l were studied by the method of descent (fig. 13). 
On the cathode potentiodynamic curve, starting with a potential value of -550, palladium (II) ions are recorded as a maximum reduction to Рt(ІІ)→ Рt(0) (Figure 13 b-curve). 
Pd2+ + 2e → Pd0                                                                                            (7)
Further, starting from -850 mV, it is observed that hydrogen ions are oxidized and hydrogen gas is released on the surface of the electrode:

2H+ + 2e→ H2

                                        

                           (8)
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1 - background H2SO4 = 30 g/l, NaCl = 30 g/l; 2 - H2SO4 = 30 g/l; NaCl = 30 g/l; Pd (II) = 5g/l; 3 - H2SO4 = 30 g/l; NaCl = 30 g/l; Pd (II) = 5g/l; Ti (IV) = 10 g/l

Figure 14 - Cathodic potentiodynamic polarization of a cathode formed on a titanium electrode in a solution of sodium chloride with a concentration of palladium (II) ions
When titanium (IV) ions are added to a hydrochloric acid sodium chloride solution, no significant changes in the polarogram are observed (Figure 13). But subsequent studies have shown that in the presence of titanium (IV) ions, a system of oxidation and reduction of Ті (ІІІ) - Ті (ІV) in the solution works, which shows catalytic properties, reducing palladium ions with high current output and forming highly dispersed palladium powders.

1.3 Study of the influence of the nature of variable valence ions on the current output of platinum powder formation and its dispersion

Nanorasmic powders and colloidal solutions of metals, including platinum, are widely used in the field of nanotechnology, as highly active catalysts in the chemical industry, as well as in the creation of new medicines in cosmetology and medicine [21,22]. 
In the future, scientists of the world are conducting comprehensive scientific research in the direction of obtaining nanorasmic metal powders, offering various new ways and technologies for creating such substances. One of these promising new technologies is the creation of drugs based on nanorasmic metal powders that treat diseases that are difficult to prescribe in medicine. It has been shown and proven that these drugs have a very effective effect on the human body and quickly recover. It has been found in detail that such drugs create special biological effects in comparison with those that have long been used on a daily basis [23-28].
There are many methods for obtaining nanorasmic platinum powders or general metal powders, and they are well studied in detail. However, we could not find data on electrochemical production of platinum nanorasmere powders. Under normal conditions, nanodisperse powders are not formed during cathodic polarization of metal ions, and at this time it is also impossible to obtain a colloidal solution of these metal powders. The reason for this is that the metal atoms first formed at the cathode have already grown to a large size. In order for the metal to be reduced to powder at the cathode, the reaction must take place under conditions higher than the limit current density. In addition, the rate of their growth is higher than the rate of formation of metal particles formed during cathodic polarization. As a result, the particles formed at the cathode stick together and grow into large aggregates. As a result, metal powders with relatively larger dimensions are obtained. In order to eliminate these shortcomings, for the first time in our work, the idea of obtaining nanorasmic metal powders under the influence of variable valence ions was proposed. 

In our subsequent studies, we have shown that it is possible to obtain colloidal solutions of copper and selenium using the titanium (III) - titanium (IV) "red-ox" system [29,30].

This section presents the scientific results obtained on cathodic reduction of platinum (IV) ions in a solution of sulfuric acid in the presence of variable valence titanium (IV) - titanium (III) ions to form their own nanorasmic powders. In addition, cases of obtaining a colloidal solution of platinum were considered in detail.
The experiments carried out in our research work were carried out on an electrolyzer with a volume of 100 ml, the space of which was separated by a cationite membrane MK-40 (fig.15). During electrolysis, a titanium electrode was used as the cathode, and a platinum electrode was used as the anode. 
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1 - DC Source; 2-ampermeter; 3-titanium electrode;;

4-cationite membrane MK-40; 5 - graphite electrode; 6-thermostat
Figure 15 - For cathode reduction of platinum (IV) ions in the presence of alternating valence titanium ionsns

installation diagram
In our work, the influence of current density on the yield of platinum powder formation on the titanium electrode, the concentration of sulfuric acid and Ti (IV) ions in the solution, the duration of electrolysis, the initial concentration of Pt (IV) ions in the solution and the temperature of the solution were studied.

For the first time, it was established that when electrolysis is carried out in the presence of Ті (ІV) - Ті (ІІІ) ions, metal powders are formed on the surface of the cathode and on its territory, in the volume of the electrolyte. In our research, the resulting powders were separated and the current output of each of them was determined.

The effect of current density on cathodic reduction of platinum (IV) ions in the presence of variable valence Ті (ІV) - Ті (ІІІ) ions in the range of 500-4000 А/m2 was studied. The fact that the total current output decreases as the current density increases is shown in Table 2. As well - known literary sources show, if during electrochemical reduction of metal ions, the current density at the electrode is higher than the threshold current density, an additional process occurs on the cathode surface-the release of hydrogen gas (reaction 10). As a result, the current output of platinum powder formation is always 100% lower: 
          H[PtCl5H2O] + 4e = Pt0 + HCl + H2O + 4Cl-                                                   (9)

          2H+ + 2e = H2↑                                                                                              (10)

Indicates an increase in the current output of the formation of platinum powders in the cathode space with an increase in current density (Table 2).
Table 2 - Influence of current density on the current output of platinum powder formation: Ti (IV) = 8 g/l, τ = 20min., t = 25 0С, Pt (IV)= 5 g/l, H2SO4 = 200 g/l
	і, А/m2
	500
	1000
	2000
	3000
	4000

	current output on the cathode surface, %
	31
	21
	14,5
	11,7
	9,5

	current output in the volume of the electrolyzer, %
	0
	7
	7,5
	8,3
	8,5

	total current output
	31
	28
	22
	20
	18


Thus, during electrolysis, the following reactions can occur on the cathode surface and in the electrolyte space:

on the cathode:
  H[PtCl5H2O] + 2e = H[PtCl3H2O] + 2Cl-                                                                      (11)

  H[PtCl3H2O] + 2e = Pt0 + HCl + H2O + 2Cl-                                                                (12)
  2TiOSO4 + H2SO4 + 2H+ + 2е → Ti2(SO4)3 + 2H2O                                                    (13)

in the amount of electrolyte:  

  H[PtCl5H2O] + 2Ti2(SO4)3 + 3H2O → Pt0 + 4TiOSO4 + 2H2SO4 + 5HCl                   (14) 

  H[PtCl5H2O] + Ti2(SO4)3 + 2H2O→H[PtCl3H2O] + 2TiOSO4 + H2SO4 + 2HCl         (15)
  H[PtCl3H2O] + Ti2(SO4)3 + H2O → Pt0 + 2TiOSO4 + H2SO4 + 3HCl                    (16)
The above reaction (14), i.e. the reduction and complete course of platinum (IV) ions, can be found out by looking at the value of the equilibrium constant. The value of the equilibrium constant is calculated based on the equation below [31]:
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 1026 (14) indicates that the reaction proceeds completely from left to right and is irreversible.
According to the above reaction (14), it seems correct to stop at the following phenomenon observed when a colloidal solution of platinum is formed. When adding a purple trivalent titanium (III) solution to a red platinum (IV) solution, the solution is completely discolored after ten seconds. It seems that this phenomenon can be explained by the formation of atomic platinum at that moment. If we pay attention to the reaction (14), the three-valence titanium (III) ions of purple color pass into a four-valence state, which becomes colorless, so the solution discolors. And platinum (IV) ions are oxidized, and the element passes into the platinum state, which we assume is an atomic state, which is why it is invisible to the naked eye. As a result, we think and calculate that the discoloration of two different metal ions at the end of the reaction is evidence of a real (14) reaction between them. Atomic platinum is very active, so its particles gradually merge with each other and after 2-5 minutes of exposure to the conditions of the experiment pass into a colloidal state. As a result, a colloidal solution is formed. The expansion of fine metal granules continues. After reaching a certain size, they gradually, completely sink to the bottom of the dish, resulting in the formation of ultra-fast platinum powders.

Further, the influence of the concentration of titanium (IV) ions in the solution on the current output of platinum powder formation was considered. If we pay attention to the fact that the concentration of titanium (IV) ions is zero, current output  - 13% of the formation of platinum powders, that is, has the lowest value. It was found that with an increase in the concentration of titanium (IV) ions in the electrolyte, the total current output increases to 33% (Table 3).
Table 3 - Influence of the concentration of titanium (IV) ions on the current output of platinum powder formation: i = 2000 A/m2, τ = 20 min., t = 20 0С, Pt (IV)= 5 g/l, H2SO4 = 200 g/l
	[Ті (ІV)], g/l
	0
	4
	8
	12
	16

	current output on the cathode surface, %
	13
	19
	14,5
	16,2
	23

	current output in the volume of the electrolyzer, %
	0
	3
	7,5
	8,9
	10

	total current output
	13
	16
	22
	25,1
	33


This situation can be explained as follows: when polarization of the titanium electrode cathode in a solution of sulfuric acid, the upper valence (IV) - ions are oxidized at the cathode to the lower valence (III) - ions (reaction 17). As a result of this reaction, Ті (III) - ions are formed, reducing Pt (IV) ions in the electrolyte space to platinum of the element, and again forming new Ті (IV) - ions (reaction 18). 
	in the cathode space

in the cathode space or in the   

volume of the solution
	 
[image: image27.png]R —
(18)

Pt* + Ti¥* — P+ Ti*"
7 S
(19)







The newly formed titanium (IV) ions are regenerated again, that is, they are redox again at the cathode to a trivalent state. As a result, this cycle is constantly repeated, which means that during the formation of platinum powders, titanium (IV) ions act as catalysts. In addition, with an increase in the concentration of titanium (IV) ions, the rate of its reduction also increases, as a result of which the concentration of titanium (III) ions in the reducing agent also increases in the volume of the solution, increasing the current output of metal powder formation.
When we studied the effect of the concentration of sulfuric acid on the current output of the platinum (IV) ion to form metal powders at the cathode, it was found that with an increase in the acid concentration, the current output decreases both on the surface of the cathode and in the volume of the electrolyzer (Table 4). According to our assumption, a decrease in the current output of platinum powder formation with an increase in the acid concentration can be explained by an increase in the reaction 10  at a high concentration of sulfuric acid, i.e. a decrease in the excess reduction voltage of hydrogen ions.
4-кесте - Table 4. Influence of sulfuric acid concentration on the current output of platinum powder formation: Ti (IV) = 8 g/l, τ = 20 min., t = 20 0С, Pt (IV) = 5 g/l, i = 2000 A/m2 

	[H2SO4], g/l
	50
	100
	150
	200
	250

	current output on the cathode surface, %
	14
	17,1
	15,2
	14,5
	12,4

	current output in the volume of the electrolyzer, %
	14
	10,1
	8,9
	7,5
	6,8

	total current output
	28
	27,2
	24,1
	22
	19,2


Next, the influence of time on the current output of platinum powder formation during the electrolysis process was considered. As can be seen from Table 5, with increasing time, the concentration of reducing titanium (III) ions in the cathode space increases, and as a result of 13-16 reactions, the current output of platinum powder formation reaches 21% in the electrolyte space, which in turn increases the total current output (Table 5). So, it was found that the output on the maximum current reaches 30% in 48 minutes. Further, with an increase in the duration of electrolysis, there is a decrease in the current output of platinum powder formation in both cases, which is due to a decrease in the concentration of platinum (IV) ions in the electrolyte. 
Table 5 - Influence of electrolysis duration on current output of platinum powder formation: Ti (IV) = 8 g/l, t = 20 0С, Pt (IV)= 5 g/l, H2SO4 = 200 g/l, i = 2000 A/m2 

	τ, minutes
	5
	10
	20
	30
	40

	current output on the cathode surface, %
	7,2
	10,3
	14,5
	27
	12,4

	current output in the volume of the electrolyzer, %
	0,8
	1,9
	7,5
	21
	18

	total current output
	8
	12,2
	22
	48
	30,4


The effect of the initial concentration of Pt (IV) ions in the solution on the effectiveness of the reduction process of platinum (IV) ions was studied. Table 6 shows that as the initial concentration of Pt (IV) ions in the solution increases, the yield of platinum powder formation over the total current increases. At the same time, there is an increase in the rate of reaction 13-14.
Table 6 - Influence of the initial concentration of platinum (IV) ions in the solution on the current output of platinum powder formation: Ti (IV) = 8 g/l, t = 20 0С, τ = 20 min., H2SO4 = 200 g/l, i = 2000 A/m2 

	[Pt (IV)], g/l
	2
	3
	4
	5
	6

	current output on the cathode surface, %
	7,4
	8,9
	11,6
	14,5
	12,4

	current output in the volume of the electrolyzer, %
	1,8
	3,9
	4,5
	7,5
	13

	total current output
	9,2
	12,8
	16,1
	22
	25,4


Table 7 shows that when the electrolyte temperature increases, the current output of platinum powder formation increases both on the cathode surface and in the volume of the electrolyte, and it turns out that its maximum value reaches 62%. It was also found that with an increase in the electrolyte temperature, the formation of platinum powders in the volume of the solution gradually increases in current output and nanorasmeric platinum powders are formed.
The following table 8 shows the influence of various parameters on the size of platinum powders obtained electrochemically in the presence of variable valence titanium ions. As can be seen from the table, it is established that it is possible to obtain nanorasmeric platinum powders by changing various parameters. By choosing the optimal parameters, we can achieve platinum powders with a very high purity, the size of which is equal to 1-3 nm. 
Table 7 - Influence of temperature on the current output of platinum powder formation: Ti (IV) = 8 g/l, τ = 20 min., Pt (IV) = 5 g/l, H2SO4 = 200 g/l, i = 2000 A/m2 

	t, 0С
	20
	30
	40
	50
	60

	current output on the cathode surface, %
	14,5
	16,2
	18,1
	20,8
	22,9

	current output in the volume of the electrolyzer, %
	7,5
	19
	23,2
	31,9
	39,5

	total current output
	22
	35,2
	41,3
	52,7
	62,4


Table 8 - Influence of various parameters on the size of platinum powders
	Influence of current density at the cathode
	Effect of titanium (IV) ion concentration
	Influence of sulfuric acid concentration

	А/m2
	On the surface of the cathode, Nm
	In the volume of the solution, Nm
	Ti (IV) g/l
	On the cathode surface, Nm
	In the volume of the solution, Nm
	H2SO4, g/l
	On the cathode surface, Nm
	In the volume of the solution, Nm

	500
	250
	10-15
	0
	50
	No powder formed
	50
	300
	7-10

	2000
	50
	5-10
	25
	50
	5-10
	150
	400
	7-10

	5000
	30
	1-3
	10
	50
	1-3
	300
	1000
	7-10


The properties and characteristics of metal powders depend on the shape of the particles, which depends on the methods of their extraction. It is known that the forms of powder particles obtained by different methods, during processing, have different variations in their types. 
It is known that spherical particles of metal powders are formed as a result of oxidation by chemical reagents, and the dendrid form is formed as a result of electrolysis. As a result of these works, microscopes of platinum powders obtained in various media were taken using electron microscopes. As a result of images taken under an electron microscope, it was found that they consist of two types. These are: dendrid - shaped powders formed in the volume of the solution as a result of alternating valence titanium ions-spherical (16а, 17а, 17b, 17а және 18b) and dendrid-shaped powders formed on the cathode surface (17b, 18c)
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                                  а                                                                b
а – in the presence of titanium (IV) ions in the solution space (х24000), b – powder formed on the cathode surface without the participation of titanium (IV) ions (х50000)
Figure 16 - Microscopy of platinum powder obtained during electrolysis
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                                    а                                                          b

а – х10000, b – х25000
Figure 17 - Microscopy of platinum powders formed in the solution space in the presence of titanium (IV) ions
In our subsequent studies, the influence of the initial concentration of platinum (IV) ions and surfactants on the stability of platinum colloidal solutions formed in the solution was studied.

The initial concentration of platinum (IV) ions in the solution was 0.1 g/l, and when titanium (III) ions were added to it in equivalent quantities based on the reaction (14), the colloidal Platinum solution formed showed stability for 4 hours. And when the initial concentration of platinum (IV) ions was 0.01 g/l, the stability time reached 6 hours. 
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                            а                                       b                                 c

At temperature а – in 40 С0 and  b - 60 С0, c - 60 С0 powders formed on the surface of the cathode (х24000)

Figure 18 - Microscopy of platinum powders formed at different temperatures in the presence of variable valence titanium ions
And it was found that with the addition of titanium (III) ions in an amount equivalent to a solution containing 0.1 g/l of platinum (IV) ions, and then a gelatin solution, the stability of the resulting colloidal platinum solution is maintained for 72 hours.

According to the results of subsequent studies, we found that if gelatin is added to a solution containing platinum (IV) ions earlier than titanium (III) ions, the stability of the formed colloidal solution is maintained for 120 hours.
Figure 19 shows microphotographs of metal powders deposited when a colloidal solution of platinum decomposes. The particles of the formed platinum powders have a spherical shape and have a size of 0.141-0.203 microns.
Thus, the reduction of platinum (IV) ions in the formation of metal powders was studied for the first time in a solution of sulfuric acid, in the presence of the titanium (IV)-titanium (III) redox system, and in this case, it was found that the current output of platinum powder formation increases slightly in the presence of titanium (IV) ions and nanorasmic particles of platinum powder are formed. In the course of the study, it was found that when increasing the current density from 500 to 4000 A/m2 and the acid concentration from 50 g/l to 250 g/l, the current output decreases, and when increasing the concentration of platinum (IV) ions in the electrolyte and the temperature of the solution - the current output increases. It was also shown for the first time that with an increase in current density, the average size of the platinum powder formed on the cathode surface is from 250 Nm to 30 Nm, and in the cathode space – from 10 nm to 1 nm.

According to the results of subsequent studies, we found that if gelatin is added to a solution containing platinum (IV) ions earlier than titanium (III) ions, the stability of the formed colloidal solution is maintained for 120 hours.
Figure 19 shows microphotographs of metal powders deposited when a colloidal solution of platinum decomposes. The particles of the formed platinum powders have a spherical shape and have a size of 0.141-0.203 microns.
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Figure 19 - Microphotographs of metal powders precipitated by decomposition of a colloidal solution of platinum
Thus, the reduction of platinum (IV) ions in the formation of metal powders was studied for the first time in a solution of sulfuric acid, in the presence of the titanium (IV)-titanium (III) redox system, and in this case, it was found that the current output of platinum powder formation increases slightly in the presence of titanium (IV) ions and nanorasmic particles of platinum powder are formed. In the course of the study, it was found that when increasing the current density from 500 to 4000 A/m2 and the acid concentration from 50 g/l to 250 g/l, the current output decreases, and when increasing the concentration of platinum (IV) ions in the electrolyte and the temperature of the solution - the current output increases. It was also shown for the first time that with an increase in current density, the average size of the platinum powder formed on the cathode surface is from 250 Nm to 30 Nm, and in the cathode space – from 10 nm to 1 nm.

As a result of the conducted research, for the first time, the reduction of platinum (IV) ions in a solution of sulfuric acid to form nanorasmic powders of metal was studied.

For the first time, a method for obtaining a colloidal solution of platinum from a solution of platinum (IV) was developed using the titanium (III)-titanium (IV) "red-ox" system. Based on redox reactions, nanorasmere particles of platinum and its colloidal solutions are formed, and it is established that their stability is influenced by the surfactant – gelatin. 
1.4 Study of the effect of the nature of variable valence ions on the formation of palladium powders
Palladium has special physical and chemical properties, such as high corrosion resistance, heat resistance, mechanical strength, hardness, high catalytic activity and special ability to sorb hydrogen. In addition, palladium is much cheaper than other platinum metals. It is also known that the use of palladium and coating of contact surfaces of radio-electrical equipment can significantly increase their service life [32].

It is known from the literature that powdered palladium has a very high catalytic activity.

Nowadays, many industries, including mechanical engineering, are developing towards the creation of low-waste and waste-free technologies. Metal cutting is one of the main methods of producing parts, but they are not economically viable, as more than 60% of the metal is lost.

Powder metallurgy is the main method for the production of metal parts, including parts of complex configurations. The implementation of these methods will reduce the amount of waste by more than about 10%.

The rapid development of modern technologies for the production of non-ferrous, rare and precious metals requires the introduction of new modern methods. In recent years, much attention has been paid to the development and implementation of various reagent-free electrochemical processes, which is due to a significant increase in their chemical, metallurgical and other capabilities.

Technologies for the electrochemical production of metals, the synthesis of their various compounds, as well as the production of ultra-dispersed and nanoscale powders used in various industries and sectors of the economy are constantly evolving. This section presents a new method for obtaining ultradisperse palladium powders in the presence of titanium (IV) ions.

Today, the interest of many authors in metal powders is due to the growing demand for ultra-dispersed powders with nanoscale particles. If in the past palladium powder was mainly used in the manufacture of products, now its scope is expanding.

One of the promising areas for the development of new drugs, including those that have a wound-healing effect, is the use of nanomaterials based on them [22-25]. It was found that nano-sized particles of metals when entering living organisms cause biological changes that differ from the traditional effect of ionic forms of the elements. It has been shown that parenteral administration of nanoparticles of d-elements is 7-50 times less harmful than ionic metals.

Nanoparticles penetrate easily into all organs and skin and have a long-lasting effect. When their biotic doses are administered, they stimulate metabolic processes and have a multifunctional effect.

According to the literature [23], Acticoat, Nucryst dressings containing silver nanoparticles are widely used in the United States for the treatment of wounds, burns, trophic ulcers, eczema, acne. In addition, the need for mild forms of drugs in the practice of treatment of wounds of various etiologies is always high. In this regard, attention is paid to the development of nanoparticles of metals, in particular palladium nanoparticles, which can be one of the components of mild drugs. The functions of palladium in the body have been well studied and its absolute necessity has been proven at all stages of the process.

The antibacterial effect of some metals and their compounds has long been known [22]. Many studies involving health professionals have focused on the biological activity of copper and palladium nanoparticles, which differ in dispersion and phase composition.

Dispersibility of metal powders is a very important characteristic of them, and in recent years the industry needs finely dispersed and nanoscale powders.

Previously, palladium powders were obtained using chemical reducing agents such as hydrazine, formaldehyde and hydrogen, zinc, magnesium, as well as other metals with negative potential. The electrochemical method of obtaining palladium powders is also known. For example, [32] showed the cathode reduction of black palladium from palladium (II) chloride solutions in a solution of a certain pH. At high cathode current densities at the cathode, palladium (II) ions are reduced from the palladium chloride solution to form palladium powders by the lower reaction:
Pd(II) + 2e → Pd0                                                                                       (19)

We studied the effect of Ti(III)-Ti(IV), Fe(II)-Fe(III), Cu(I)-Cu(II) "red-ox" systems on the formation of palladium powders. The best results were obtained in the presence of Ti (III) -Ti (IV) redox ions.

Our paper presents the results of research on the production of ultradisperse and nanoscale palladium powders by chemical and electrochemical combined methods in the presence of titanium (III) - titanium (IV) ions.

The experiments were performed at room temperature in a 50 ml thermostated beaker. To a solution of sulfuric acid containing palladium (II) ions add a solution of trivalent titanium in sulfuric acid. In this case, in practice, palladium ions are immediately reduced to the elementary state by the formation of metal powders by the following reaction:
Pd(II) + 2 Ti(III) → Pd0 + 2Ti(IV)                                                             (20)

In particular, when a solution containing palladium (II) and titanium (III) ions is mixed under certain conditions, ie within ten seconds, with the equivalent ratio of palladium (II) and titanium (III) ions, the solution becomes colorless (the initial solution of trivalent titanium sulfate is purple, and palladium chloride has a pink color), ie it is transparent. We explain these phenomena by the fact that at the moment the palladium is in the atomic state, so it is practically invisible due to the very small size of the particles.

After 2-3 minutes, the palladium atoms begin to combine (group) with each other in a certain state, the size of which depends on the experimental conditions. Further, colloidal particles of black palladium appear in the entire volume of the solution, the stability depends on the experimental conditions. In the absence of coagulants, the stability of the colloidal palladium solution is 2-3 hours, and in the presence of gelatin reaches 36 hours.

In all experiments, powders with spherical particles with an average size of 0.067-0.203 μm are formed. Figures 20a and 20b show an electron microscopy of powders obtained at different initial concentrations of palladium (II) ions.

As per the above shown reaction 20 the effect of the initial concentration of palladium (II) ions on the number of palladium powders formed by adding the equivalent number of trivalent titanium ions was studied.
Table 9 shows the amount of palladium powder formed from mixing a solution of palladium chloride - 2 g/l, sulfuric acid - 100 g/l and the equivalent amount of titanium (III) sulfate.

As can be seen from Table 9, reaction 20 is completely shifted to the right, the palladium in the solution is completely deoxidized to form ultradisperse metal powders. It was found that the current yield of rofmation of the palladium powder is more than 96%.

During electrolysis with a solution of sulfuric acid containing palladium ions, palladium powders are formed on the surface of the anode, and over time its volume increases and spreads throughout the electrolyte. However, along with the powder, hydrogen was released in the cathode region. To reduce the consumption of current for such additional processes, it is necessary to increase the current yield. In this regard, the following research work was aimed at studying the effect of electrolysis parameters on the current yield (CY) of palladium powder formation.

Table 9 - Effect of initial concentration of palladium (II) on the amount of formed metal powders (V = 25ml)
	Palladium concentration, g/l
	The amount of palladium in solution, mg
	Amount of palladium powder formed, mg

	0,25
	6,25
	6,0

	0,5
	12,5
	12,2

	0,75
	18,75
	18,5

	1,0
	25,0
	24,1

	1,25
	31,25
	30,9

	1,5
	37,5
	37,0


Figure 21 shows that when the cathode current density is increased in the range of 100-1000 A/m2, the value of CY decreases from 98% to 27%. When we increase the cathode current density, the release of hydrogen at the cathode goes actively.

From the obtained data it can be seen that as the current density increases, the cathode current is consumed to release excess hydrogen. Due to this, the following electrolysis process was carried out at a lower cathode current density.

Further, we investigated the effect of the titanium ions concentration on the value of CY of the palladium powder formation.
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a - initial composition of palladium (II) ions - 0.1 g/l; b - initial composition of palladium (II) ions - 0.05 g/l
Figure 20 - Electromicrophotographs of palladium powder obtained by reduction of titanium (III) ions
In Fig. 22, when the titanium concentration was increased to 0.5, 1, 1.5, 2.0 g/l, it was found that the CY increases with a linear dependence. At a titanium concentration of 2 g/l, the CY reached a maximum of 98%. This can be explained by influence of the process of chemical reduction of newly formed trivalent titanium in the volume of solution along with the cathodic reduction of palladium ions.

At the following values of electrolysis parameters, ie [H2SO4] - 50 g/l; [Pd2+] - 2 g/l; τ - 0.5 hours; [Ti4+] - 2.0 g/l; ik - 100 A/m2 during cathodic reduction of palladium CY was about 100%. The palladium powder obtained at these values was analyzed under an electron microscope. The results of the analysis show the formation of a homogeneous powder (Fig. 23, a and b).  
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[H2SO4] – 50 g/l; [Pd2+] – 2 g/l; τ – 0,5h
Figure 21 - The effect of cathode current density on the current yield of palladium powder formation
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ik – 100 A/m2; [H2SO4] – 50 g/l; [Pd2+] – 2 g/l; τ – 0,5 h.
Figure 22 - The effect of titanium (IV) ions on the CY of palladium powder formation
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а – 1000 times magnified; b – 3000 times magnified. 
Figure 23 - Micrograph of palladium powder formed in solution

When scanning the powder 50,000 times under a scanning microscope, the sizes of individual powders are observed (Fig. 24).  
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Powder sizes: within 0,072-1,188 µm
Figure 24 - Palladium powder 50,000 times larger than the original size
The complete course of the redox reaction during the interaction of the above two "red-ox" pairs can be easily determined by calculating its equilibrium constant [31]. Complete reactions must have a stability greater than 108 (in the case of binding of 99.99% of the initial substances). To calculate the equilibrium constant of any reaction of the reversible "red-ox" reaction should be calculated using the lgK formula [image: image42.png]n(E - E;)
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Pd2+ + 2Ti3+⇄ Pd0 + 2Ti4+                                                                           (22)

Pd2+ + 2e → Pd0              E0 = + 0.987 B     n = 2                                       (23)

2Ti3+ - 2e → 2Ti4+E0 = - 0.04 B                                                                  (24)
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equilibrium constant K [image: image53.png]


 1034,8
The equilibrium constant is based on the fact that the constant value of the above redox systems K ≈1034 is practically irreversible for both reactions from left to right. In addition, since the reaction constant represents the ratio of the concentration of the reaction's final products to the product of the concentrations of the original products, the equilibrium of the above reaction occurs when system [[image: image55.png]2Ti**



]2 * [Pd(II)]  is 1034 times higher than [Ti4+]2 * [Pd].

The results of our calculations show that trivalent titanium ions are fully used for the reduction of palladium (II) ions to the elemental state.

Based on laboratory studies, we proposed a new technological scheme for the production of ultra-dispersed palladium powders (Figure 25).

We have previously shown [33-35] that polarization of titanium electrodes in acidic solutions with industrial alternating current, under certain conditions, they dissolve rapidly, forming trivalent ions that turn purple. In conducting such experiments, we found a new phenomenon in which titanium electrodes, after pre-polarization with transient currents, dissolved spontaneously in solutions of sulfuric acid and hydrochloric acid, forming titanium (III) chloride and sulfate. In this regard, we have found a very simple way to obtain trivalent titanium salts.

As shown in Figure 24, trivalent titanium ions are obtained in the electrolyzer 1 by polarization of titanium electrodes with 50 Hz alternating current. In reactor 2, titanium (III) sulfate solution is added to a palladium (II) chloride solution by stirring. At that time, elemental palladium powder with nanoscale particles is formed. In electrolyzer 3, the electrode spaces are separated by an anion exchange membrane and in the cathode space titanium (IV) ions are reduced to the trivalent state.

Palladium powders are separated by filtration, washed until the solution is free of ions and dried. All these processes are carried out in a box filled with an inert gas (for example, carbon dioxide or argon). The obtained powder is placed in an airtight container.

During the formation of palladium powders by reaction 14, trivalent titanium is converted to the tetravalent state. A solution of tetravalent titanium in sulfuric acid is introduced into the cathode space of the electrolyzer (electrolyzer 3 with electrode spaces separated by an anion exchange membrane). In this case, titanium (IV) ions are reduced to the trivalent state. The solution containing titanium (III) ions is sent to the reactor (reactor 2) and reaction 14 is repeated in the reactor by obtaining palladium powder.
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1 - electrolyzer with titanium electrodes; 2 - reactor for the production of ultra-dispersed palladium powders; 3-electrolyzer with electrode spaces separated by anion exchange membrane for trivalent titanium regeneration
Figure 25 - The basic technological scheme of obtaining ultradisperse palladium powders during cementation of palladium (II) ions with trivalent titanium ions
Thus, previous studies have shown for the first time the possibility of obtaining ultra- and nanoscale copper powders near the cathode and anode, as well as in interelectrode spaces [36-38], and in the proposed work we have demonstrated for the first time the possibility of obtaining nano- and ultradisperse palladium powders in presence of titanium (III) - titanium (IV) "red-ox" systems. Based on the research experiments, a technological scheme for the production of ultra-dispersed palladium powders is proposed. In this case, spherical palladium powders with dimensions of 0.067 - 0.203 microns are formed.

CONCLUSION
The results of research conducted in 2018:
1. In a solution of sulfuric acid containing tetravalent titanium ions, the direct reduction of copper (II) ions to copper powders was studied. In the classical method of obtaining copper powder, the part of the electric current consumed for the release of hydrogen is used in the proposed method, when titanium (IV) ions are added to the electrolyte, the subsequent ion reduction and, more precisely, the formation of dispersed copper powders. As a result, the current yield of copper powder formation increases by 15-20%. The size and shape of the formed copper powder particles were determined by electron microscopy. During the electrolysis, it was found that in the absence of titanium (IV) ions in the electrolyte, powders with a particle size of 10-80 microns are formed, and in the presence of titanium (IV) ions - mainly powders with a size of 0.16-0.55 microns.

2. The electrochemical properties of copper and titanium electrodes in the presence of copper (II) and variable valence titanium ions in a solution of sulfuric acid were studied by plotting potentiodynamic polarization curves. Reduction of copper (II) ions and the regularities of dissolution of the copper electrode were determined. Reduction waves of copper and titanium electrodes in a solution of tetravalent titanium ions in sulfuric acid were recorded for the first time in the polarogram, and it was shown that the oxidation waves of trivalent titanium ions are not observed at the above electrodes.

3. In the titanium (IV) - titanium (III) catalytic system, the dissolution of the metal during the anode polarization of the copper electrode and the formation of a highly dispersed powder from dissolved copper (II) ions were considered. When a copper-titanium pair electrode is polarized in a solution of sulfuric acid containing trivalent titanium ions, copper (II) ions are formed at the copper anode. The copper (II) ions transferred to the solution immediately react with the titanium (III) ions in the electrolyte and are reduced to nanosize copper powder. As a result, a solution containing atomic and then colloidal copper powders is formed. Titanium (IV) ions formed as a result of the redox reaction diffuse in the direction of the cathode and are reduced to the trivalent state on the cathode surface. It has been shown that trivalent titanium ions reduce the divalent copper ions formed at the anode to nanosize metal powder. It was found that the stability of the colloidal copper solution formed in the anode space as a result of electrolysis varies depending on the concentration of titanium (III) ions.

4. It was shown for the first time the formation of dispersed copper powders between the electrode spaces during polarization of the electrode of the "copper-titanium" pair in a solution of sulfuric acid containing titanium (IV) ions. When polarizing copper and titanium electrodes in a solution of sulfuric acid containing Ti (IV) ions, it was shown that the copper anode dissolves to form copper (II) ions, and titanium (IV) ions at the cathode are reduced to the trivalent state. It was found that the formed copper (II) and Ti (III) ions contact with each other between the electrodes, and as a result of the redox reaction, a nanoscale copper powder is formed. It was shown that during electrolysis, first atomic and then colloidal copper powders are formed between the electrodes, and after a certain time they combine with each other to form granules and then precipitate.

5. It was shown that the polarization of copper-titanium pair electrodes in a solution of sulfuric acid and copper (II) with an industrial 50Hz AC a copper powders form on the titan electrode at a current density of 20 kA/m2 and higher. Under optimal conditions (iTi = 75 kA/m2, Cu (II) - 30 g/l) current yield was 80%. It was found that during the polarization by alternating current, copper powder is formed in the range of 0.5-2 microns in the form of rounded shapes.

6. Using a titanium-copper and graphite-graphite pair of electrodes, oscillograms were taken under an industrial current in the circuit, and asymmetric sinusoidal currents were flowing when a titanium electrode was used. The results of the study showed that it is possible to obtain ultra-dispersed copper powders using industrial alternating current without the use of special rectifiers.

7. The process of copper (II) ions cementation with trivalent titanium ions is considered. The interaction of copper (II) ions and titanium (III) ions was studied, and the regularities of formation of nano- and ultra-dispersed copper powders were determined. During the reaction, it was found that atomic copper is formed, the particles of which combine with each other in finely dispersed aggregates of a certain size and stabilize in the form of a sphere. It was shown that the tetravalent ions of titanium, which formed as a result of the reaction, can be regenerated using an electrolyzer with an anion exchange membrane. The constant (K) of the reversible redox reaction of copper (II) ions and trivalent titanium ions was calculated and found to be ~ 1010. This indicates that almost all the copper (II) ions in the solution are converted into nanosize copper powders. A comprehensive and principled scheme of technology for the production of highly dispersed copper powder in accordance with modern requirements is proposed.

8. The method of obtaining quaternary and trivalent titanium compounds is very complicated and, as a result, very expensive, so a simple and inexpensive method of obtaining these salts from scrap metal has been proposed. It was studied that titanium compounds can be obtained by simple, inexpensive methods by polarizing industrial waste of titanium with industrial alternating current, and the effect of various parameters on these processes was investigated.

9. Based on the results of the study, methods for obtaining ultra-dispersed copper powder and colloidal solution of copper powder were developed, for which a patent for a utility model of the Republic of Kazakhstan was obtained.
10. While previously known methods for obtaining copper powder at the cathode assumed that copper powder was not available at a current flow rate of 100%, and that a certain amount of current was spent on the additional reaction to release hydrogen, Our studies has shown for the first time that the same result can be achieved without release of hydrogen gas and at a 100% current yield. As a result, a new scientific direction of copper powder production was proposed.

11. It was first discovered that copper nanoscale powders are formed by three different mechanisms. Experimental results show that copper powders are formed in the cathode and anode regions, as well as between other electrodes. New methods of obtaining copper powder were developed and their innovations were protected by patents. A new scientific direction for the production of nanoscale powders of copper and other metals was proposed, the results of which were obtained on the basis of fundamental research.
The results of research conducted in 2019:
1. The regularities of selenium (IV) ions reduction were studied by drawing potentiodynamic polarization curves. The electrochemical properties of selenium in the presence of variable valence titanium and copper ions in a solution of sulfuric and hydrochloric acid were first studied at titanium and copper electrodes. It was shown that the addition of titanium (IV) ions to a solution of sulfuric acid containing selenite ions has a catalytic effect on the reduction of selenite ions. When adding titanium (IV) ions, an analysis of the extreme redox voltage of hydrogen ions at the cathode was carried out, it was found that selenium (IV) ions are reduced near the cathode, not directly on the cathode surface.

2. The reduction of selenium (IV) ions at the cathode in the presence of copper (II) ions in hydrochloric acid solution was studied. It has been shown that an increase in the concentration of hydrochloric acid leads to a decrease in the current yield of the selenium powders formation, and an increase in the concentration of equivalent copper ions leads to the current yield increase. It was found that under all optimal conditions, colloidal selenium powder is formed in the space near the cathode. X-ray and electron microscopic analysis of the products obtained as a result of electrolysis was performed.

3. For the first time, the regularities of selenium powders formation during the polarization of copper electrodes with industrial AC in a solution hydrochloric acid and copper (II) containing tetravalent selenium ions was studied. During electrolysis, it was found that in the hydrochloric acid solution on the surface of copper plates formed black cuprous selenide and red amorphous selenium powders, and in the electrolyte space - pure red amorphous selenium powders. The size of powders formed by electrolysis is 150-250 microns.
4. The possibility of obtaining selenium powders by cathode reduction of selenium anions in acidic and alkaline solutions was considered. It has been shown that selenium powders cannot be obtained by reducing selenite ions in an alkaline medium. However, it was found that these ions can be obtained from selenium powders by cathodic reduction in sulfuric acid solution. It was found that selenium powders are not formed without the presence of titanium (IV) ions, and when its content is 5.0 g/l, the current yield of selenium powders is close to 70%. It was shown that the current yield of selenium powders is 68.1% at a selenium (VI) concentration of 10.0 g/l, and 94.9% at 30 g/l.

5. For the first time it has been shown that selenium powders can be obtained in two half-cycles of industrial AC using a specially assembled unit using two diodes. In our study, the effects of sulfuric acid concentration (50-250 g/l), selenium (IV) ions (5-25 g/l), current density (500-5000 A/m2) on the current yield of selenium powders were considered. It was found that when the concentration of selenium (IV) ions is 5 g/l, the current consumption is 76.8%, and at current densities of 4800-5000 A/m2, the formation of selenium powders is higher than 90% of the CY. Based on electron microphotographic studies, it was shown that spherical selenium powders with particle sizes ranging from 0.069 to 0.461 microns are formed.

6. Based on the results of the study, methods for obtaining selenium powders and preparation of colloidal selenium solutions were developed. For the said methods a Kazakhstani patents of utility model have been obtained.

7. In conclusion, for the first time three mechanisms for the production of nano- and ultradisperse powders of copper, and then after of selenium, have been proposed: on the cathode surface, between the electrodes and on the anode surface. For the first time on the surface of the anode was detected the phenomenon of redox (anode reduction phenomenon). A method for obtaining selenium powders by reducing selenate ions in the presence of titanium (IV) ions was developed. For the first time, a method of creating a colloidal solution of selenium was developed, and based on their results, a patent application was submitted. It has been shown that selenium powders can be obtained from selenium ions in a solution of hydrochloric acid using a copper anode. It was found that this method can selectively extract selenium ions from a complex solution. It has been shown that selenium powders can be obtained in the anode and cathode half-periods of industrial current. It has been shown that nanodisperse selenium powders can be obtained at the anode, cathode surface, and in the electrolyte volume.
The results of research conducted in 2020:
1. The reduction regularities of platinum (IV) ions were studied by drawing cathodic, anode and cyclic potentiodynamic polarization curves. The effect of various parameters on the cathode reduction of platinum ions at the titanium electrode was studied. The study showed that when the pH of the medium is 2.5, platinum (IV) ions are gradually reduced, as the acidity of the medium increases, the excess voltage of hydrogen release at the titanium electrode shifts in a positive direction, and platinum (IV) ions are reduced along with hydrogen. According to the values determined by the temperature-kinetic method, the redox reaction of platinum ions in an aqueous solution of sodium sulfate with sulfuric acid takes place in a mixed diffusion and electrochemical mode. It was found that as the pH of the solution increases, the electrochemical activity of platinum complexes decreases. It was found that the high voltage of hydrogen release in the titanium electrode makes it more efficient to use a titanium electrode as a cathode material for the production of platinum powders.

2. The properties of the palladium electrode in the presence of alternating valence ions were studied by plotting the anode, cathode and cyclic polarization curves. When titanium (IV) ions are added to the hydrochloric acid solution, no significant change in the polarogram is observed. However, subsequent studies have shown that in the presence of titanium (IV) ions, the solution has a system of oxidation-reduction of Ti (III) - Ti (IV), which has catalytic properties, oxidizes palladium ions at high currents and forms highly dispersed palladium powders.

3. The direct reduction of platinum (IV) ions to metal powders was studied for the first time in a solution of sulfuric acid, involving titanium (IV) - titanium (III) redox system, in which case the current yield of platinum powders significantly increases in the presence of titanium (IV) ions and formation of nanoparticles of the platinum powder was identified. The study showed that increasing the current density from 500 to 4000 A/m2 and the acid concentration from 50 g/l to 250 g/l reduces the current yield for platinum powder formation, and when increasing the concentration of platinum (IV) ions in the electrolyte and solution temperature - the current yield increases. It was also shown for the first time that the average size of platinum powder formed on the cathode surface with increasing current density is from 250 nm to 30 nm, and in the cathode space - as small as 10 nm to 1 nm.

For the first time a method of obtaining a colloidal solution of platinum from a solution of platinum (IV) using a system of titanium (III) - titanium (IV) "red-ox" was developed. On the basis of redox reactions, nanoscale particles of platinum and its colloidal solutions were formed, and it was determined that their stability is positively affected by the surfactant - gelatin.

4. The electrochemical properties of palladium ions in the presence of variable valence titanium ions in sulfuric acid solution were studied for the first time at the titanium electrode. It was shown that the addition of titanium (IV) ions to a solution of sulfuric acid containing palladium ions has a catalytic effect on the reduction of palladium ions. The study of the extreme voltage of hydrogen ions reduction at the cathode with the addition of titanium (IV) ions revealed that palladium ions are reduced not directly on the cathode surface, but near the cathode and in the electrolyte volume. Based on the research experiments, a technological scheme for the production of ultra-dispersed palladium powders was proposed. In this case, spherical palladium powders with dimensions of 0.067 - 0.203 microns are formed.
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Work plan
	№
	Description of the work to be performed under the Agreement and the main stages of its implementation

	Term of performance


	
	
	beginning
	end

	1
	Study of the formation of copper powders in the cathode and inter-electrode spaces in the presence of variable valence ions
	January, 2018
	until November 1, 2018

	1.1
	Study of the processes of formation of nanoscale copper powders in the cathode space by electrolysis under galvanostatic conditions depending on various parameters
	January, 2018
	March, 2018

	1.2
	Study of the electrochemical properties of copper in the presence of variable valence ions in aqueous solutions by plotting the anodic, cathodic and cyclic potentiodynamic polarization curves
	April, 2018
	June, 2018

	1.3
	Study of the formation of nanoscale copper powders in the anode and inter-electrode spaces by electrolysis under galvanostatic conditions depending on various parameters
	July, 2018
	September, 2018

	1.4
	Study of the effect of the nature of variable valence ions on the formation of dispersed copper powders
	October, 2018
	until November 1, 2018

	2019

	2
	Study of the process of formation of dispersed selenium powders in the cathode space and in the solution volume in the presence of Ti (III) -Ti (IV) ions
	January, 2019 
	until November 1, 2019

	2.1
	Study of the properties of the selenium electrode by plotting the anodic, cathodic and cyclic potentiodynamic polarization curves
	January, 2019
	March, 2019

	2.2
	Study of the process of formation of selenium powders in the cathode space by the method of electrolysis depending on various parameters
	April, 2019
	June, 2019

	2.3
	Study of the process of formation of selenium powders in the inter-electrode space by electrolysis
	July, 2019
	September, 2019

	2.4
	Study of the process of formation of selenium powders in the cathode and inter-electrode spaces in the presence of the Red-ox system
	October, 2019
	until November 1, 2019

	2020

	3
	Study of the formation of ultra-dispersed powders of platinum and palladium in aqueous solutions
	January, 2020
	until November 1, 2020

	3.1
	Study of the properties of the platinum electrode in the presence of alternating valence ions by plotting the anodic, cathodic and cyclic polarization curves
	January, 2020
	March, 2020

	3.2
	Study of the properties of the palladium electrode in the presence of alternating valence ions by plotting the anodic, cathodic and cyclic polarization curves
	April, 2020
	June, 2020

	3.3
	Study of the effect of the nature of variable valence ions on the current yoeld of platinum powder and its dispersion
	July, 2020
	September, 2020

	3.4
	Study of the effect of the nature of variable valence ions on the formation of palladium powders
	October, 2020
	until November 1, 2020
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