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Abstract. The manuscript entitled “Production of Sodium Nitrite Based on Staged Absorption of Nitrous Gases Using a Solution of Tributyl Phosphate and Iron Sulfur Oxide” presents a comprehensive study on the development of a stepwise absorption method for nitrogen oxides using tributyl phosphate (TBP) and iron sulfate solutions, aimed at efficient sodium nitrite production. The work is scientifically significant as it addresses the environmental and industrial challenges associated with nitrogen oxide emissions, converting hazardous gases into a valuable chemical product. The research demonstrates the optimization of absorption conditions, such as solvent composition, temperature, and the ratio of TBP to iron sulfate, achieving an absorption efficiency up to 99.91%, with subsequent regeneration of absorbents and production of high-purity sodium nitrite (99.2% mass fraction).
The study is methodologically robust, employing laboratory-scale experiments, systematic stepwise absorption in multiple absorbers, and advanced analytical techniques including IR spectroscopy to validate the quality of the synthesized sodium nitrite compared to imported standards. The results are practically relevant for the chemical industry, providing an environmentally friendly and economically efficient approach to nitrite production, while minimizing toxic gas emissions and energy consumption. Moreover, the proposed method has potential implications for industrial scalability and the sustainable production of sodium nitrite, which is essential in food, pharmaceutical, and chemical applications.
Overall, this manuscript offers a valuable contribution to both scientific understanding and industrial practice by integrating fundamental research on nitrogen oxide absorption with practical applications in sodium nitrite synthesis, and it provides a foundation for further studies on optimizing multistage gas absorption technologies.
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Introduction. Currently, the level of risk to the environment and public health from the effects of various pollutants, such as suspended solids, sulfur dioxide, nitrogen dioxide and oxide, carbon monoxide, as well as copper, all registered pollutants are harmful to the human body, leading to damage to respiratory organs, skin, nervous system, eyes, and metabolic disorders. Therefore, the processing of exhaust gases into useful products is relevant. [1].
In recent years, a burgeoning scholarly interest has emerged in recycling waste materials. A noteworthy investigation has been directed toward converting waste-expanded polystyrene into three distinct anion exchange resins, enabling their efficacious deployment as lead and copper absorption agents. The viability of modifying expanded polystyrene waste through three distinctive techniques was scrupulously examined, involving the judicious application of sulfuric acid to engender sulfonated polystyrene, subsequently harnessed for extracting heavy metal ions from wastewater. These resins were denoted by the nomenclatures PSS-01, PSS-02, and PSS-03. The modified ion exchange was comprehensively characterized utilizing advanced analytical techniques, including FTIR, XRD, and zero-charge point (pHPZC). To ascertain the kinetics of adsorption, pseudo-second-order models were adroitly employed. [2].
A sulfonated polystyrene-iron composite magnetic material (PSSFe), which is nonpolluting, was synthesized using high-temperature reflux in a simple system. It was applied for the first time to the adsorption and removal of two dyes (methylene blue (MB) and congo red (CR)) from wastewater. The cost of synthesis is lower and simpler and then that of the large sites active in PSSFe, making it efficient cost effective for a large variety of dyes. Scanning electron microscopy (SEM), x-ray diffraction (XRD), thermogravimetric analysis (TGA-DTGA), infrared spectroscopy (FTIR), and the pH of the point of zero charge (pHPZC) were used to characterize the morphology and microstructure of the magnetic sample. The adsorption of methylene blue and congo red as a function of various factors, such as the effect of pH, time and temperature, was investigated.  [3].
The work presents a method for producing sodium nitrite from nitrous gases. The method of producing sodium nitrite from concentrated nitrous gases involves the complete or partial absorption of nitrogen oxides by alkaline solutions under increased pressure, while the inversion of nitrite-nitrate solutions, after the separation of crystalline sodium nitrite from them, is carried out under pressure, and the blowing of nitrogen oxide is carried out by nitrous gases, which are then directed to alkaline absorption [19]. The blowing of nitrogen oxide from inverted gases is carried out by part of the nitrous gases, which then mix in fractions with the main flow of nitrous gases, thereby regulating the ratio at the level of 1:1. Exhaust gases are used to blow away nitrogen oxide residues. Using the proposed method allows for the conservation of ammonia, as well as the reduction of steam, electricity, and soda consumption for the same volume of sodium nitrite production. [4].
It should be noted that modern technologies for sausage production involve the use of a significant amount of non-meat components of plant and animal proteins, food hydrocolloids, and thickeners. All these components significantly affect the color of meat and meat products, as their use in recipes leads to a decrease in the amount of myoglobin. In this regard, to ensure a consumer-attractive appearance and color of finished products, food coloring agents of various origins are widely used. Today, it is the color that is one of the most important quality indicators of meat products. The food supplement E250 deserves special attention. Sodium nitrite (NaNO2) is a color enhancer and preservative in the food industry for meat and fish products [20]. On the one hand, sodium nitrite is a substance of chemical origin that is unsafe in excess, and on the other hand, it is a multifunctional food additive that is an indispensable helper for practically every meat processing technologist. Its amazingly unique properties practically exclude the possibility of finding a full-fledged alternative to it among food additives and components of natural or microbiological origin. It is necessary to consider that excluding or reducing the use of nitrite in technologies that provide for its use can lead to microbiological risks [5-7].
The production of sodium nitrite on an industrial scale is based on the absorption of nitrogen oxides by alkaline solutions of sodium carbonate (soda) or sodium hydroxide (sodium hydroxide) with the formation of sodium nitrite according to the reactions:
Na2CO3 + N2O3 –˃ 2NaNO2 + CO2 ;
2NaOH + N2O3 –˃ 2NaNO2 + H2O ;
Na2CO3 + 2NO2 –˃ NaNO2 + NaNO3 + CO2 ;
2NaOH + 2NO2 –˃ NaNO2 + NaNO3 + H2 .
Usually, they strive to ensure that as little NaNO3 is formed as possible in parallel with NaNO2, which is especially important in individual cases, for example, if sodium nitrite solutions are used in the production of caprolactam or in obtaining high-quality sodium nitrite. It has been established that to achieve this goal, it is necessary to maintain a NO:NO2 ratio in the gas throughout the entire process of oxide absorption by the alkaline solution, not exceeding 1:1. The rate at which nitrogen oxides are absorbed by alkali solutions is determined by the reactions of the oxides with water. The neutralization reaction of the acids obtained as a result of absorption does not control the rate of the total reaction. Comparison of reactions occurring in an acidic environment with the above shows that alkaline absorption eliminates the shortcomings of acidic absorption associated with the release of nitrogen oxide, the low oxidation rate of which greatly hinders its use. Numerous studies of nitrogen oxide absorption processes show that when nitrogen dioxide or nitrogen dioxide is absorbed by alkalis, equivalent amounts of nitric acid and nitric acid salts are obtained [8].
The production of sodium nitrite was based on the alkaline absorption of nitrogen oxides from low-concentration nitrous gases under atmospheric pressure after acid absorption in nitric acid production, maintaining such an oxidation state of nitrous gases was not particularly difficult. However, in modern nitric acid production facilities, alkaline purification of exhaust gases from nitrogen oxides is not practiced. Therefore, targeted installations for the production of sodium nitrite are based on the processing of concentrated nitrous gases, and to achieve deep purification of exhaust gases from nitrogen oxides, at least at the final stage of absorption, increased pressure is used [9].
In the most advanced sodium nitrite production, ammonia oxidation is carried out under atmospheric pressure, 90% of all nitrogen oxides are absorbed by a soda solution from hot nitrous gases, then the cooled gas is compressed to 4 atm and the remaining nitrogen oxides (10% of the total amount of nitrogen oxides obtained by ammonia conversion) are absorbed by a soda solution under this pressure in a sanitary absorption column, from which the gas contains up to 0,3 vol. of nitrogen oxides, therefore further purification is carried out using ammonia on a special catalyst [10].
The work presents a method for obtaining sodium nitrite and an absorption apparatus for carrying out the process, according to which the absorption of the hot gas mixture obtained as a result of the oxidation of ammonia and containing water vapor, oxygen, and nitrogen oxides in the aqueous solution of sodium hydroxide is carried out in a vertical multi-section cylindrical absorption apparatus, as well as the washing of exhaust gases, according to the method, the absorption is carried out in an apparatus filled with a sodium hydroxide solution, the concentration of sodium hydroxide in the circulating solution is maintained at least 2,0%, and the washing of exhaust gases is carried out with a 40% sodium hydroxide solution, an absorption apparatus containing a vertical cylindrical housing, inside which are plates dividing the housing's internal space into sections, nozzles for supplying the circulating solution, for the output of the producing solution, and for the removal of exhaust gases, according to the invention, the housing's internal space is divided into upper and lower compartments by a partition on which a gas bubbler is installed, the plates dividing the housing space into sections are made sieve-like and are located only in the upper compartment, and at a height of 2/3 of the upper compartment, at least two separation plates with overflow tubes are installed, one of the plates communicates with the lower compartment of the apparatus, the other - with the lower part of the upper compartment; the bubbler is made in the form of a cylinder, the upper end of which is equipped with a perforated partition. Carrying out the absorption of a hot gas mixture in an absorption apparatus filled with sodium hydroxide solution, with the supply of a strong nitrous gas and a concentrated sodium hydroxide solution to the lower part of the apparatus's upper compartment and withdrawal from the upper part of the first separation plate along the flow, allows for an increase in the ratio of sodium nitrite to sodium nitrate at the absorption stage, which ensures an increase in product yield. In some cases, sodium nitrite is obtained without the admixture of sodium nitrate. Due to the maximum activation of the absorbent, sodium nitrite with a low content of sodium hydroxide is obtained, which is an important quality indicator of the product. The supply of gas entering at high speed to the lower part of the upper compartment of the absorption apparatus ensures the foaming of the concentrated sodium hydroxide solution. The resulting emulsion rises upwards, providing a developed contact surface [11].
The work presents a method for obtaining sodium nitrite and zinc oxide, according to which sodium nitrite is obtained by heating sodium nitrate with metal, followed by dissolving the resulting solid substance in water, precipitating the insoluble metal oxide and the sodium nitrite residue in solution, and heating the metal in the form of fine particles is carried out together with grinding ceramic balls in a bath of molten sodium nitrate inside a rotating drum of a ball mill at a temperature range of 308-320°C. By using zinc as a metal, a precipitating insoluble zinc oxide is obtained, which is used as a separate commercial product. To reduce the contamination of sodium nitrite and zinc oxide with the wear products of the ball mill, the drum of the ball mill is lined with zinc parts. As a model of the ball mill, a deep porcelain glass fixed on a metal rod for rotation using a drill with adjustable rotation speed was used, a muffle electric furnace was used to create a thermostated volume, granulated zinc CHDA TU 6-09-5294-86, high-grade technical sodium nitrate produced by "Ferganaazot" JSC GOST 828-77, and aluminum oxide grinding balls were used. The temperature of the muffle furnace is 314°C. Granulated zinc CHDA – 65,38 g. Technical sodium nitrate - 85 g. Conversion NaNO3→ NaNO2, 93%. The proposed method for obtaining sodium nitrite allows for the production of two commercial products - sodium nitrite and zinc oxide - in a single technological process, resulting in significant energy savings due to a four-fold reduction in the temperature of zinc oxide production compared to the "French process," significant simplification of sodium nitrite production technology, and reduced environmental impact. [12].
The work presents a method for obtaining an improved form of purified crystalline sodium nitrite with minimal impurities, including the stages of: mixing a given ratio of air and ammonia in a mixer with a Venturi housing; passing the air-ammonia mixture through a special filter to filter impurities and obtain a purified air-ammonia mixture; passing the air-ammonia mixture into an adiabatic burner to pass through a multitude of catalytic screens arranged in the form of three pairs of two screens each at a given temperature for carrying out the selective oxidation process and selective production of nitrogen oxides; saturating nitrogen oxides using a waste utilization boiler to obtain saturated NO2 gas; passing saturated gas NO2 through one or more absorption towers for absorption of saturated NO2 gas in one or more absorption towers containing an alkaline medium for selective formation of sodium nitrite suspension; optimization of sodium nitrite suspension concentration using a crystallizer to obtain a raw crystalline form; recrystallization of the raw crystalline form by multiple washing with one or more solvents to maximize impurity removal; and obtaining an improved form of purified crystalline with a purity level from 99% to 99.2%[13].
The work presents a method for obtaining sodium nitrite using the direct crystallization process. When using the process, the crystalline substances of sodium nitrite are prepared in steam-free conditions, and the crystalline substances of sodium nitrite are centrifuged and separated directly, and then dried to obtain sodium nitrite products. The process has advantages in terms of process simplicity, reduced consumption, energy resource savings, and approximately 20 percent reduction in workshop consumption costs compared to the previous process. The work presents a method and devices for obtaining sodium nitrite using the mother solution. The device includes a crystallizer, a condenser, a centrifugal machine, a mother solution absorption tower, a circulation pump, and a storage tank, while the converted gas pipeline is connected to the conversion gas inlet of the mother solution absorption tower; the mother solution tank outlet and the mother solution outlet of the mother solution absorption tower are connected to the circulation pump inlet; the circulation pump outlet is divided into two paths, one path is connected to the mother solution inlet, and the other path is connected to the storage tank; the mother solution contacts the converted gas back in the mother solution absorption tower, so that the Na2CO3 content decreases; the absorbed mother solution flows into the storage tank through the mother solution outlet and the circulation pump; and the absorbed mother solution, which is diverted from the storage tank, mixes with the raw material solution and is evaporated, crystallized and subjected to centrifugal separation to obtain the sodium nitrite product. According to this method, the raw material for sodium nitrite increases, and the product is improved by reducing the Na2CO3 content in the mother solution. [14].
The work presents a device for obtaining sodium nitrite, which includes an alkali dissolving tank, an alkali solution absorption tower, a crystallizer, a condenser, a centrifugal machine, a mother solution tank, a conversion tower, and a heat exchange mechanism, wherein the alkali dissolving tank is located at the bottom of the alkali dissolving tank; the heat exchange mechanism includes a condenser, an ejector, a circulating water tank, a circulating pump, and a cooling tower, wherein the instantaneous evaporation chamber output of the crystallizer is communicated with the first inlet of the circulating water tank through the condenser and an ejector, the outlet of the circulating water tank is connected to the upper part of the cooling tower through the circulation pump, the outlet of the cooling tower is connected to the second inlet of the circulating water tank, and the outlet of the circulating water tank is connected to the inlet of the alkaline solution absorption tower through the basin for dissolving the alkali; the method uses a heat exchange mechanism, the circulating water tank pumps the vacuum circulating water to the upper part of the cooling tower through the circulation pump, the fan pumps the air, ensuring direct contact between the air and the water to remove heat, and the cooled water automatically enters the circulating tank to achieve the cooling objective, thereby not only improving the yield and quality of sodium nitrite but also eliminating the shortcomings of the initial heat exchanger. [15].
In the chemical industry, there are many companies that produce sodium nitrite as their product. Sodium nitrite is used in the pharmaceutical industry, dyes and pigments, textile industry, metal coatings, rubber industry, salts for heat transfer, and antifreeze. The production of sodium nitrite consists of three main stages: 1. Oxidation section; 2. Absorption section; 3. Salt section. In the salt section, a crystallization process occurs, and from this spent liquid, a washing liquid is introduced. This liquid contains NaNO2, NaNO3, and water. This washing liquid is harmful to the environment, so companies cannot dispose of it without treatment. This waste can be reduced by re-producing sodium nitrite from the washing fluid, which requires 4 stages. 1. Reaction section; 2. Absorption section;  3. Crystallization section; 4. Drying section.  According to this method, a reaction occurs between the blowing fluid and nitric acid, forming NOx. Then, NOx enters the absorption column for further processing. In the NOx absorption section, NaOH is absorbed, producing sodium nitrite in liquid form, but sodium nitrite is required in solid form in the market. Therefore, further processing is required. In the crystallization section, liquid NaNO2 is converted into crystals, and then the drying process is carried out. Eventually, we obtain sodium nitrite as the desired product in solid form [16].
It is known that the chemical industry makes a significant contribution to the progress of our country's development. The industry's most serious environmental problem is the emission of exhaust gases containing toxic substances, including nitrogen oxides. The maximum permissible average daily content of nitrogen oxides in the atmospheric air of populated areas, converted into N2O5, should not exceed 0.1 mg/m3, while simultaneously complying with the requirement for the maximum permissible content of nitrogen oxides not exceeding 0.3 mg/m3.  In nitric acid production, the main problem is the emission of nitrous gases and the development of methods that allow reducing their emission volume.
The difficulties of extracting nitrogen oxides from gases by absorption methods are related to the peculiarities of their interaction with water and aqueous solutions of alkalis and acids. As is known, nitrogen oxide practically does not react with water and alkalis. Nitrogen dioxide forms nitric acid and nitrogen oxide with water:
3NO2+ H2O –˃ 2HNO3 + NO
With alkalis, nitrogen dioxide forms nitrites and nitrates:
2NO2+2NaOH –˃ NaNO2 + NaNO3 + H2O
Therefore, it is fundamentally impossible to absorb NO2 and nitrogen oxides in a single apparatus without numerous intermediate oxidation stages, obtaining only nitric acid or only nitrates.
There are various methods for neutralizing nitrous gases and processing them into useful products: purification of gases from nitrogen oxides in an equally flowing hollow tower; purification of gases from nitrogen oxides in combined-type apparatuses; purification of gases from weakly oxidized nitrogen oxides, absorption of nitrogen oxide by ammonium sulfite solutions; oxidation and absorption of nitrogen oxides by aqueous solutions of oxidizers; purification of gases from nitrogen oxides by aqueous solutions of hydrogen peroxide; absorption of weakly oxidized nitrogen oxides by aqueous solutions of potassium permanganate; absorption of highly oxidized nitrogen oxides; research on the absorption of nitrogen oxides by organic sorbents; adsorption of nitrogen oxides by solid sorbents; purification of gases from nitrogen oxides and other impurities by peat-alkaline sorbents with the production of peat-nitrogen fertilizers; absorption of nitrogen oxide by solutions of iron sulfate oxide [17].
Despite numerous developments on nitrogen oxide absorption worldwide, attempts are still being made to develop new technologies to reduce NOx (NO + NO2) emissions for environmental and economic reasons, as this problem remains relevant and global. Therefore, the development of new technologies for absorbing nitrous gases and processing them into useful products is a requirement of our time.
The purpose of this work is to study the processes of stepwise absorption of nitrogen oxides from exhaust gases of nitric acid production using TBP and iron sulfate solution and obtaining sodium nitrite.
Research objects and methods.
For the experiments, iron (II) sulfate heptahydrate - further referred to as iron sulfate, obtained by utilizing spent sulfuric acid mordant solutions (FeSO4*7H2O) (GOST 6981-94) - was used. The absorption capacity of the solution depends on the amount of ferrous oxide. Temperatures and partial elasticity of nitrogen oxide above the solution. At relatively low temperatures of 15-20°C, the solution can completely remove nitrogen oxide. The solubility limit of nitrogen oxide is NO : Fe++=1:1. [18].
FeSO4 +NO –˃ Fe(NO)SO4
When heated to 95-100 oC, the Fe(NO)SO4 complex decomposes and NO is released in pure form, and the reduced solution is returned to production. For NO2 absorption, technical tributyl phosphate (TBP) was used, having the following composition, %: TBP mass fraction – 99,5, water mass fraction – 0,05. TBP was used based on the following considerations: TBP absorbs acidic gases well, the density of TBP is low (0,97 g/cm3), and in terms of viscosity, it belongs to substances with low viscosity (3-4 cpt), therefore, the costs of its circulation will be relatively low. The elasticity of TBP vapor is insignificant in a wide temperature range, i.e., its losses with the gas are small, the flash temperature is high; therefore, working with it is safe. Also, sodium hydroxide and 59% nitric acid were used.
Table 1
Stepwise absorption of nitrous gases using tributyl phosphate and iron sulfate solutions depending on the temperature
	Concentration of iron sulfate aqueous solution
	Degree of absorption of nitrous gases in absorbers, converted to N %
	General degree
absorption,
%

	
	Absorber
№ 1 (TBP)
	Absorber
№ 2 (TBP)
	Absorber
№ 3
	Absorber№ 4
	

	Solution temperature, 10 oС

	10%
	35,16

	15,07

	24,46
	4,26
	78,95

	15%
	
	
	28,09
	6,31
	84,63

	 20%
	
	
	32,76
	8,47
	91,42

	 25%
	
	
	36,11
	9,80
	96,14

	Solution temperature,   15 oС

	10%
	36,49

	13,75

	25,87
	5,98
	82,09

	15%
	
	
	29,38
	7,17
	86,79

	 20%
	
	
	34,43
	9,57
	94,24

	 25%
	
	
	37,11
	10,51
	97,86

	Solution temperature, 20 oС

	10%
	37,15
	13,11
	26,10
	6,46
	82,82

	15%
	
	
	30,86
	7,95
	89,07

	 20%
	
	
	35,92
	10,21
	96,39

	 25%
	
	
	39,36
	10,37
	99,91

	Solution temperature,   25 oС

	10%
	36,57

	13,68

	25,22
	5,41
	80,88

	15%
	
	
	28,62
	7,02
	85,89

	 20%
	
	
	34,25
	9,14
	93,64

	 25%
	
	
	37,69
	10,28
	98,22


Table 2
Dependence of the degree of regeneration on the concentration of sulfate solution
iron, tributyl phosphate and temperatures
	Indicators
	Iron sulfate solution concentration,%  

	
	10
	15
	20
	25

	                                 Regeneration temperature, 80 oС

	Absorber № 1
	58,28

	Absorber № 2
	56,35

	Absorber № 3
	55,25
	57,45
	59,60
	62,71

	Absorber № 4
	53,96
	55,73
	58,11
	60,98

	                                 Regeneration temperature, 90 oС

	Absorber № 1
	90,26

	Absorber № 2
	89,48

	Absorber № 3
	87,36
	89,01
	90,38
	91.86

	Absorber № 4
	86,49
	88,25
	89,74
	91,37

	                                Regeneration temperature, 95 oС

	Absorber № 1
	99,58

	Absorber № 2
	99,61

	Absorber № 3
	99,39
	99,61
	99,68
	99,71

	Absorber № 4
	99,63
	99,68
	99,72
	99,75


To conduct the experiments, a laboratory setup consisting of five reaction vessels, a first reactor for obtaining nitrogen oxides, four absorber reactors for absorbing nitrogen oxides, two of which for absorbing nitrogen oxides using iron sulfate solution, and two for absorbing NO2 using TBF were used. In the first reactor, a mixture of nitrogen oxide is formed by the interaction of copper with low-concentration nitric acid (59%), in all experiments, the same amount of nitric acid was used, 50 ml of 59%, until complete decomposition in the form of nitrogen oxides. In the remaining reactors, the nitrogen oxides entering from the first reactor are absorbed. 
To conduct the experiment, 100 ml of TBP solution was placed in two reactors (absorbent volume 150 ml), followed by two absorbers filled with iron sulfate solution.  
The nitrogen oxides obtained in the first reactor were passed through the solution using a water jet pump. After the experiment, a sample was taken from all solutions separately to determine nitrogen. The total content of nitrogen oxides in solutions was determined by Kjeldahl [19]. The experimental results are presented in Tables 1 and 2.
Chemical analyses of the solutions used for nitrogen oxide absorption have established the degree of nitrous gas absorption depending on the temperature, the amount of iron sulfate solution, and TBP.
Based on the obtained results, it can be concluded that the absorption of nitrous gases using an iron sulfate solution and TBP in stepped absorbers is 78,50-99,91% depending on the purification conditions. Experimental results and analyses showed that with increasing temperature in all absorbers, the degree of nitrogen oxide absorption decreases, so at a temperature of 10oC in the first absorber the amount of absorbed nitrogen oxides in terms of nitrogen (N2) is 0,8 mol, in the second absorber 0,45 mol, in the third absorber 0,7 mol, in the fourth absorber 0,2 mol, at a temperature of 20oC in the first absorber the amount of absorbed nitrogen oxides in terms of nitrogen (N2) is 0,85 mol, in the second absorber 0,5 mol, in the third absorber 0,73 mol, in the fourth absorber 0.27 mol, at a temperature of 15oC in the first absorber the amount of absorbed nitrogen oxides in terms of nitrogen (N2) is 0,82 mol, in the second absorber 0,42 mol, in the third absorber 0,71 mol, in the fourth absorber 0,24 mol.
At a 1:1 ratio of iron sulfate and TBP solution and a norm of 110% of the released nitrogen oxides, at a temperature of 15oC, the absorption rate is 97,86%. Reducing the temperature by 5oC and the amount of iron sulfate and TBF solution by 5% of the stoichiometric value allows for an increase in the absorption rate of nitrogen oxide by approximately 7%. The research results showed that using a uniform molar ratio of iron sulfate and TBP solutions for the absorption of nitrogen oxides and nitrogen dioxide at normal temperatures and pressures in four absorbers, it is possible to absorb up to 99,91% of nitrogen oxides and practically completely regenerate the iron sulfate and TBP solution at 95oC and obtain nitrogen oxides and nitrogen dioxide in a 1:1 molar ratio, which was used to obtain sodium nitrite.
In the next stage of the work, the processes of obtaining sodium nitrite based on desorbed nitrous gases from a solution of iron sulfate and TBP were investigated.  For the experiment, a laboratory setup was used to obtain sodium nitrate and sodium nitrite. First, desorption of nitrogen oxides from iron sulfate and TBP solutions was carried out at a temperature of 85-95 oC with subsequent absorption of the resulting nitrogen oxides using a 35% NaOH solution at a pressure of 1 atm and room temperature. After absorption of nitrous gases using a 35% sodium hydroxide solution, the resulting solution had the following composition: 42% NaNO2, 47% water and 11% NaNO3, the density of the solution was 1200 kg/m3, which was treated with nitric acid to carry out the reaction (3), the released gases were absorbed by a 35% NaOH solution to obtain a sodium nitrite solution.
NaNO2+2HNO3 –˃ 2NaNO3+NO2+NO+H2O  (3)
2NaOH+NO+NO2 –˃ 2NaNO2+H2O 		(4)
Sodium nitrite is required in solid form, for which it must pass through a crystallizer with subsequent centrifugation. Therefore, to obtain a sodium nitrite crystal, the solution was first evaporated until supersaturation, then cooled to 25oC, in which the crystals were grown from the liquid, the formed crystals were separated by centrifugation, and the remaining solution was re-processed in the following stages of the experiments. The crystals contained some moisture that needed to be removed, for which a dryer was required. In the dryer, maintaining a temperature of about 90-100 oC for 30-40 minutes, the drying was carried out, after which the final desired product sodium nitrite was obtained in solid form, which is a slightly yellowish crystalline powder. The content of sodium nitrate and sodium nitrite in the solution and the finished product was determined according to the method [20].
The finished product had the following composition: mass fraction of sodium nitrite 99,2%, mass fraction of sodium nitrate 0,5%, mass fraction of insoluble residue 0,02%, mass fraction of water 0,35%.
The next stage of the work was the IR spectroscopic study of the obtained sodium nitrite products and its comparison with the imported sodium nitrite product. The IR spectra of the studied compounds in tablets with KBr (4000-400 cm-1 region) were recorded on a Perkin-Elmer firm's Fourier System 2000 IR spectrometer. The obtained results are presented in Figures 1-2.
[image: ]
Fig. 1. IR spectrum of a comparative sample of sodium nitrite
Analysis of the spectra of sodium nitrite isolated during the synthesis process from local raw materials, capable of replacing imported sodium nitrite. In this case, an IR analysis was conducted to compare the obtained sodium nitrite with pure sodium nitrite. From the spectra, it can be seen that the sodium nitrite isolated during the synthesis process gave the same peaks as the imported sodium nitrite we compared. At the same time, the initial sample yielded the following peaks during the IR analysis of the sodium nitrite sample. It was found that there are peaks such as 2546.59 cm-1, 1322.41 cm-1, 1210.99 cm-1, 826.28 cm-1. The sodium nitrite we synthesized also had similar peaks, such as 2545.58 cm-1, 1322.15 cm-1, 1228.48 cm-1, 826.44 cm-1, and it was proven that the substance we obtained was sodium nitrite.
[image: ]

Fig. 2. IR spectrum of sodium nitrite obtained on the basis of stepwise absorption of nitrous gases using tributyl phosphate and iron sulfate solutions
	Thus, the results of studies of stepwise absorption of nitrous gases using TBP and iron sulfate solution showed that TBP mainly absorbs nitrogen dioxide, iron sulfate solution, and nitrogen oxides.  Optimal conditions for stepwise absorption of nitrogen oxides and regeneration of absorbers have been established. The processes of obtaining sodium nitrite were studied by desorption of nitrogen oxides and dioxides from absorbers in equal molar ratios and their absorption by a sodium hydroxide solution. Optimal conditions for obtaining sodium nitrite based on stepwise absorption of nitrogen oxides using a solution of iron sulfate and tributyl phosphate and obtaining sodium nitrite have been determined.
Conclusion
The conducted study has demonstrated the efficiency of staged absorption of nitrous gases using aqueous solutions of tributyl phosphate in combination with iron–sulfur oxides. The results confirm that the absorption capacity and overall conversion are strongly dependent on both the water-to-tributyl phosphate ratio and the solution temperature. Lower operating temperatures and optimized solvent composition provide a higher total degree of nitrous gas absorption, which in turn enhances the yield of sodium nitrite.
The experimental data show that under the most favorable conditions (water:TBP ratio of 1:1.0–1:1.2 and temperatures of 20–25 °C), the total absorption degree approaches 99%, ensuring the almost complete utilization of nitrous gases. This not only improves the efficiency of sodium nitrite production but also contributes to environmental safety by minimizing toxic gas emissions. Therefore, the developed technological scheme, based on multistage absorption with tributyl phosphate and catalytic assistance from iron–sulfur oxides, can be considered a promising and sustainable method for industrial sodium nitrite production. The findings provide both theoretical significance for understanding nitrous gas absorption mechanisms and practical value for scaling the process in modern chemical industries.
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