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CLEANING NITROGEN OXIDES FROM NITROUS EXHAUST GASES USING
TRIBUTYL PHOSPHATE SOLUTION

Umarov Kh.Sh., Namazov Sh.S!., Usanbayev N.Kh?., Temirov U.Sh?., Saydullayev A.A3,,
Ganiyev P. Kh*,,
YInstitute of General and Inorganic Chemistry of the Academy of Sciences of the Republic of
Uzbekistan
2Navoi State Mining and Technological University
3Tashkent Institute of Irrigation and Agricultural Mechanization Engineers
“Chirchik State Pedagogical University.

Summary: This paper presents the results of absorption of residual nitrous gases using a
mixture of water and tributyl phosphate in step absorbers for its subsequent regeneration and
production of nitric acid on its basis. The results of the study can find particularly wide application
in industries characterized by non-constant emission of nitrogen oxides with a wide range of nitrogen
oxide content. The dependence of the degree of absorption and regeneration on the temperature and
ratio of the mixture of water and tributyl phosphate is determined.

Key words: absorber, nitrous gases, tributyl phosphate, nitrogen oxides, nitric acid, ecology,
purification of nitrous gases.

The paper [1] presents the results of studies of the levels of environmental and public health
risks from exposure to various pollutants, such as suspended solids, sulfur dioxide, nitrogen dioxide
and oxide, carbon monoxide, and copper. It is shown that all registered pollutants are harmful to the
human body, causing damage to the respiratory system, skin, nervous system, eyes, and metabolic
disorders. Thus, suspended solids, nitrogen dioxide, and benzopyrene have the greatest impact on
endocrine system diseases, eating disorders, and metabolic disorders. Respiratory diseases are
affected by sulfur dioxide and nitrogen dioxide, carbon monoxide and nitrogen, and benzopyrene.
Diseases of the eye and its adnexa are affected by sulfur dioxide, carbon monoxide, and phenol.
Diseases of the nervous system, skin, and subcutaneous tissue diseases are affected by carbon
monoxide, nitrogen oxide and dioxide, formaldehyde, and benzopyrene. Recent literature data
indicate that the amount of sulfur dioxide, nitrogen dioxide and oxide, carbon monoxide, suspended
solids, and copper is increasing. This will lead to adverse effects on both the soil and the human body.
The effect of these substances also leads to a change in the pH of atmospheric precipitation (3-15)
and, as a result, can affect both the soil and the human body.

SO2+ H0 — HSO3+H ¥ 1)
CO + H,0— H2+ CO2 (@)
CO + H,O — H"+ COOH" (3)
CO + H20 — H"+ HCOy 4)
CO + H20— O2+ CH4 (5)
CO + H20 — O2+ CH4 (6)
CO + H20 — H2 + CO2 @)
CO2+ H0O — H"+ HCOs (8)
NO + H20 — H" + HNOy 9)
NO + H20 — H2+ NO2 (10)
3NO2 + H,O —2HNOs + NO (11)

2NO; + H,0 —HNO3 +HNO; (12)

In the work [2] in order to determine the optimal conditions for the effective absorption of
nitrogen and sulfur oxides, the characteristics of ferromanganese nodules, in which the active
component is manganese (IV) oxide MnO., are considered. This method includes reactions of
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absorption of nitrogen (I1) oxide by manganese (1) oxide MnO: in the presence of nitric acid HNOs
with the formation of manganese nitrate Mn(NOs)2; also reactions of absorption of sulfur (1) oxide
SO, by manganese (IV) oxide MnO; with the formation of manganese sulfate MnSOs. Special
installations for the study and development of the sorption process have been developed. The results
of experimental studies of the sorption process of nitrogen (I1) oxide NO and sulfur (IV) oxide SO>
by a suspension based on ferromanganese nodules are presented. The possibility of absorption of
nitrogen oxide (1) NO from a gas mixture with the degree of extraction up to 85%, sulfur oxide (V)
SO> from the corresponding gas mixture up to 99% has been established. The main parameters of
influence on the system operation process are specified: time of reaching a constant mode,
temperature of the working suspension, mixing method. The most optimal conditions for the most
efficient implementation of the process of absorption of nitrogen oxide NO and sulfur oxide SO, up
to 85% and 99%, respectively, from model mixtures corresponding to exhaust gases are given.

In the work [3] the possibilities of the technology of non-catalytic reduction of nitrogen oxides
to reduce the formation of secondary pollutants: ammonia, carbon monoxide and nitrogen oxide (1)
are considered. The conditions for the process of nitrogen oxide reduction by products of thermal
decomposition of urea with minimal formation of the above pollutants are determined.

The possibility of reducing the release of nitrogen oxides into the gas phase during coal
oxidation with nitric acid by introducing urea into the process has been studied. A thermodynamic
analysis of the reactions occurring during coal oxidation with nitric acid and in the presence of urea
has been performed. It has been shown that when 0.2 parts by weight of urea are added to one part
by weight of coal, the content of nitrogen oxides in the gas phase decreases by 95.54%. The possibility
of capturing nitrogen oxides with aqueous solutions of nitric acid has been tested. It has been shown
that the lower the concentration of nitric acid and the lower its temperature, the more completely
nitrogen oxides are captured from the gas phase [4-6].

It should be noted that the chemical industry makes a significant contribution to the
development progress of many countries in the world. One of the serious problems of the industry is
nitrogen oxide emissions. The maximum permissible average daily content of nitrogen oxides
calculated as N2Os in the atmospheric air of populated areas should not exceed 0.1 mg/m? while
simultaneously complying with the requirement for a one-time maximum content of nitrogen oxides
of no more than 0.3 mg/m?. In the production of nitric acid, the main problem is emissions of nitrous
gases. There are various methods for neutralizing nitrous gases: purification of gases from nitrogen
oxides in an equal-flow hollow tower; purification of gases from nitrogen oxides in combined-type
devices; purification of gases from weakly oxidized nitrogen oxides, absorption of nitrogen oxide
with ammonium sulfite solutions; oxidation and absorption of nitrogen oxides with aqueous solutions
of oxidizers; purification of gases from nitrogen oxides with aqueous solutions of hydrogen peroxide;
absorption of weakly oxidized nitrogen oxides with aqueous solutions of potassium permanganate;
absorption of highly oxidized nitrogen oxides; absorption of nitrogen oxides with organic sorbents;
adsorption of nitrogen oxides with solid sorbents; purification of gases from nitrogen oxides and other
impurities with peat-alkaline sorbents with the production of peat-nitrogen fertilizers; absorption of
nitrogen oxide with solutions of ferrous sulfate of tributyl phosphate (TBP) used as an absorber. The
application of TBP for the purification of nitrogen oxides is its high absorption capacity and
absorption rate, desorption occurs quite easily when the pressure is reduced or heated to 369-378 K.
With repeated use of TBP, the absorption rate does not decrease. It has been established that the
absorption of nitrogen oxides by TBP is accompanied by the formation of solvates TBP NO2 or
2(TBP) N2 O4 and the physical dissolution of NO2 when dissolved above stoichiometric. With a
decrease in gas oxidation, the overall solubility of nitrogen oxides increases due to the absorption of
N20s.

The effect of pressure on the absorption process was studied with the following change in
physicochemical and hydrodynamic parameters: pressure - 0.35-1.0 MPa, nitrogen oxide
concentration - 0.04 - 5.8 vol.%, oxidation degree - 30-95%, acidity - up to 15 wt. %, liquid overflow
height on the tray - 0.035-0.1 m, real linear gas velocity (W) in the absorber - 0.25-0.6 m/s, irrigation
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density - 0.85-5.1 m¥m?h, temperature - 293-319 K. It is shown that the absorption rate increases
linearly with increasing concentration and oxidation of nitrogen oxides at all studied pressures due to
an increase in the driving force of the process with a change in the concentration of nitrogen oxides
from 0.2 to 5.8% [7-15].

There is a method for absorbing nitrous gases with nitric acid condensate fed from a refrigerator
to the middle part of an absorption column. The absorption is carried out with an additional supply
of nitric acid taken from the column baffle plate, regenerated from unreacted nitrogen oxides and
diluted to a concentration of 5-10%, in two streams, one of which is directed to the first plate from
above in an amount of 1.0-2.0 kg of liquid/kg of gas, and on the other side in an amount of 0.09-0.12
kg of liquid/kg of gas under the baffle plate, and regeneration is carried out by feeding air into the
regenerator in an amount of 0.04-0.1 kg of gas/kg of liquid [16].

There is a method for the complete capture of nitrogen oxides from the tail nitrous gases of
nitric acid plants. The method consists of absorbing nitrous gases with lead hydroxide and then
regenerating it according to the following scheme: Nitrogen oxides are passed through a scrubber
irrigated with a suspension of lead hydroxide in a saturated solution of nitrite and sodium nitrite; the
resulting basic nitrite and lead nitrate are separated from the mother liquor and treated with nitric acid
to convert nitrite into nitrate. The nitrogen oxides released in this process are used to saturate the
product nitric acid. After separating the crystals, the mother liquor is mixed with lead hydroxide and
fed back into the process; The resulting lead nitrate solution, containing some of the nitrate in the
form of crystals, is treated with ammonium nitrate solution to dissolve the crystals and then with
ammonia to convert the lead nitrate to ammonium nitrate. The released lead hydroxide is separated
from the liquid and, after washing with water, returned to the process. The remaining liquid is a
saturated solution of ammonium nitrate and is sent for evaporation [17].

There is a method [18] according to which the obtained solutions of nitrates and nitrites
formed after the absorption of nitrous gases are treated with nitric acid in order to oxidize nitrites into
nitrates, and the nitrogen oxides released in this process are used in the sulfuric acid system. Nitrogen
oxides in the form of various oxides are captured from the tail gases with a soda or alkaline solution
until the content in them is no more than 0.06% NO, after which the gases are released into the
atmosphere. The solutions obtained after alkaline absorption, which are a mixture of nitrite (80%)
and sodium nitrate (20%), containing an admixture of sodium sulfate, are sent to inversion located in
the head of the system, where they are converted into solutions of sodium nitrate, released after
evaporation, as finished nitrogen fertilizer. In this case, 15-25 kg of sodium nitrate are obtained per
ton of sulfuric acid. Losses of nitric acid with exhaust gases are no more than 5 g per 1 ton of sulfuric
acid. Fresh nitric acid is used for inversion, the system is fed by nitrogen oxides released after
inversion. This will allow inversion to be carried out almost without costs.

In progress [19] sulfocarbon obtained from wood as a sorbent, which allows to obtain a high-
quality sorbent, amenable to restoration and replacing calcium or magnesium cations with sodium or
hydrogen ions in solutions. The production of sulfocarbon from wood sawdust and its application is
as follows. Wood sawdust, released to 8-10% moisture content and freed from impurities, is loaded
into a reactor, where it is treated with concentrated sulfuric acid (specific gravity 1.84) at a ratio of
7-7.5 weight parts of acid to one part of sawdust (4 liters of acid per 1 kg of sawdust). The mixture is
stirred for an hour, and then the resulting sulfocarbon is washed from the acid. Further processing is
carried out depending on the application: with a one-percent solution of H>SO4 or a ten-percent
solution of NaCl. If the sorbent is to be stored or transported, it should be dried. The use of sulfocarbon
obtained from sawdust can be done either by filtering solutions through it or by mixing it with
solutions by heating and filtering through filter presses. The dosage of sulfocarbon depends on the
content of the salts to be removed, the consistency and color of the solutions. Sulfocarbon is
regenerated with a one percent solution of ammonium sulfate or a ten percent solution of NacCl.

In the work [20] the influence of temperature on the degree of purification of exhaust gases
from nitrogen oxide and nitrogen dioxide by a urea solution was studied. It was shown that with an
increase in temperature the degree of purification increases. The degree of conversion of nitrogen
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dioxide in the temperature range of 30-80°C is 90-98%, while the conversion of nitrogen oxide is
from 13 to 58%. It was found that the addition of an oxidizer, nitric acid, up to 10% to a urea solution
increases the degree of conversion of nitrogen oxide by 15-20%. The addition of oxygen increases
the conversion of nitrogen oxide into nitrogen by 40%. The influence of the content of active
components of the reaction mixture on the degree of conversion of nitrogen oxides in the exhaust
gases was studied. The optimal composition of the reaction mixture was selected: 10-20% urea; 5-
10% nitric acid. It has been shown that the optimal conditions for the conversion of nitrogen oxide
and dioxide are: solution temperature of 30—35°C; urea solution consumption for purification of no
more than 4 m3/h; oxygen content in the gas for purification of at least 7%; the number of revolutions
of the rotor apparatus blades of no more than 1500 rpm. It has been shown that at a urea solution
temperature of 30-35°C, a urea solution consumption of 4 m*¥h, and a number of revolutions of the
rotor apparatus blades of 1500 rpm, the degree of purification from nitrogen oxides of 98-100% is
achieved, which is much higher than when using a sodium hydroxide solution.

In progress [21] It is given that the production of oxalic acid is based on the interaction of
nitric acid with sucrose. As a result of this process, up to 200 kg of nitrogen oxides are emitted into
the atmosphere per ton of the resulting product. This leads to excessive gas pollution of the
atmosphere and deterioration of sanitary and hygienic working conditions in production. Based on
theoretical and experimental studies, a new method of thermal decomposition of nitrogen oxides has
been developed, providing sanitary cleaning of exhaust gases during the production of oxalic acid to
maximum permissible concentrations. During the study on a plasma torch, it was found that by
thermal decomposition of nitrogen oxides, their concentration from any to the initial can be reduced
to equilibrium at a given temperature. By introducing gaseous reducing agents, the reaction of thermal
decomposition of nitrogen oxides can be shifted towards their decomposition into the original
elements. The concentration of nitrogen oxides after decomposition can be brought to 0.1-0.3% with
an initial concentration of 2-3%. Thermal decomposition of nitrogen oxides in the presence of coke
begins at a temperature of 500°C. At 1000°C, the degree of decomposition of nitrous gas approaches
100%, this problem has not yet found its comprehensive solution. A detailed study and analysis of
the methods of absorption of nitrogen oxides by water is a chemisorption process that leads to the
formation of a multicomponent system containing the initial NO, N204, NO2, N2Oz and the final
products H3O", NOs", NO2- consists of the following stages: diffusion of nitrogen oxides (NO, NO>)
from the gas phase into the liquid through a two-layer film at the gas-liquid boundary; formation of
nitric and nitrous acids as products of e interaction of nitrogen oxides with water; decomposition, or
rather disproportionation of nitrous acid and the return of the resulting nitrogen oxide to the gas phase
[22].

There is a technology for processing nitrogen oxides into nitric acid by absorption with water
and aqueous solutions of nitric acid. However, when processing nitrous gases with a volume content
of nitrogen oxides of less than 4%, water absorption is not very effective. In this case, the exhaust
gases under industrial conditions contain nitrogen oxides after absorption in quantities (0.1-0.3 vol.%)
significantly exceeding the permissible content (0.005 vol.%). This reduces the degree of raw material
utilization and requires the use of catalytic purification, which significantly increases the cost of
production.

There is a technology which is implemented by catalytic oxidation of ammonia to produce
nitrogen oxide, its oxidation to nitrogen dioxide with subsequent two-stage absorption of nitrous
gases. At the first stage, nitrogen oxides are absorbed by water and aqueous solutions of nitric acid
to a residual content of nitrogen oxides in the gas of 15-2 kPa. The remaining nitrogen oxides are
absorbed by a solution containing nitric acid, water and TBP at the following ratio of components by
weight%: nitric acid 2-5; water 1.6 TBP the rest with subsequent regeneration of the solvent with
water by counter-current washing, feeding the aqueous phase to the acid absorption stage, and the
regenerated absorbent for absorption of nitrogen oxides. The method ensures production of 58% acid
and extraction of nitrogen oxides from gases to a residual content of 0.005 vol. %. of re-extraction of
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HNOz in the form of weak solutions of HNOz is required. The potential of TBP as a more effective
absorber compared to water is not fully utilized, since TBP is used only for the absorption of weak
nitrous gases (up to 15 kPa ), and at higher concentrations of nitrogen oxides, less effective water
absorption is used.

There is a method for obtaining nitric acid, which includes absorption of nitrous gases by a
heterogeneous mixture of nitric acid, water and tributyl phosphate, followed by isolation of the target
product; absorption is carried out by a heterogeneous mixture of absorbents with a mass ratio of
organic and aqueous phases (0.2 - 1.0): 1.0, and isolation of the target product is carried out by settling
the resulting mixture with the return of the organic solution of nitric acid to the stage of absorption
of nitrous gases.

The ratio of the organic and aqueous phases in the absorption column is selected within the
range (0.2 - I): | in such a way that after mixing the nitric acid solution in TBP and the steam
condensate in the column, the mass concentration of HNOs in the organic solution after their
redistribution between the liquid phases is in the range of 2 - 15%. The specified range of acid
concentrations in TBP and liquid phase ratios ensures the highest absorption rate. With an organic
and agueous phase ratio of less than 0.2 : 1, as a result of processing nitric acid between the phases,
good regeneration of TBP is achieved, but its amount is so small that it does not ensure the required
efficiency of the absorption process. With an organic and aqueous phase ratio of more than 1: 1 after
mixing with the steam condensate, the concentration of nitric acid in TBP is more than 15% and such
a mixture poorly absorbs weakly oxidized nitrous gases. According to the known method, the
processing of nitrogen oxides into nitric acid includes three stages: absorption of concentrated nitrous
gases with water to a residual content of NO, 2-15 kPa, extraction of nitric acid from TBP with water,
absorption of the remaining nitrogen oxides with a mixture of water, nitric acid and TBP. The unit
for processing nitrogen oxides according to the proposed method includes two main stages:
absorption of nitrogen oxides by the mixture and settling to separate the liquid phases. According to
this article, TBP can be considered not as an absorber, but as a catalyst for the absorption process,
and not pure TBP is used as a catalyst, but a 28-30 % solution of nitric acid in TBP [23].

The purpose of this work is the absorption of residual nitrous gases and the production of
nitric acid. To conduct the experiments, a laboratory setup was used, consisting of six reaction vessels,
the first reactor for obtaining nitrogen oxides, five reactors - nitrogen oxide absorbers. In the first
reactor, a mixture of nitrogen oxide is formed by the interaction of copper with non-concentrated
nitric acid (59%). The remaining reactors absorb the incoming nitrogen oxide from the first reactor.
To conduct the experiment, 80 ml of a mixture of TBP and water were placed in five reactors
(absorber volume 100 ml). Nitrogen oxides obtained in the first reactor were passed through the
solution using a water-jet pump. After the end of the experiment, all solutions were separately brought
to the 100 ml mark, from which an aliquot was taken to determine nitrogen. In addition, the solution
was regenerated and nitric acid was obtained. The total content of nitrogen oxides in the solutions
was determined according to Kjeldahl with subtraction from the total nitrogen contained in the
original nitric acid [24].

Table 1
The degree of absorption of nitrous gases in a mixture of water and tributyl phosphate
depending on temperature and concentration

The degree of absorption of nitrous gases in absorbers,
Water-TBP in terms of N % General degree
. of penetration,
ratios absorber abs-r | abs-r | abs-r abs -r %
No. 1 No.2 | No.3 | No.4 No. 5
Solution temperature, 35°C
1:0.1 | 3620 [2664|1375] 594 | 197 | 84.50
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1:.0.2 37.14 26.05 | 13.98 | 6.09 1.98 85.24
1:.0.4 38.60 26.41 | 1428 | 6.26 2.02 87.57
1:0.6 39.08 26.48 | 1431 | 6.28 2.04 88.26
1.0.8 39.25 26.50 | 14.33 | 6.30 2.05 88.43
1:1 39.37 26.57 | 14.36 | 6.33 2.07 88.70
1:1.2 39.43 26.61 | 1438 | 6.34 2.19 88,87
Solution temperature, 30°C
1:0.1 37.86 2790 | 13.94 | 5.98 1.99 87.67
1:.0.2 38.63 28,24 | 1411 | 6.09 2.00 89.07
1:.0.4 39.20 28.82 | 1436 | 6.30 2.02 90.70
1:.0.6 39.28 28.98 | 1440 | 6.32 2.04 91.02
1.0.8 39.29 290.02 | 1442 | 6.34 2.06 91.13
1.1 39.37 29.59 | 1448 | 6.36 2.08 91.88
1:1.2 39.45 29.69 | 1451 | 6.38 2.10 92.13
Solution temperature, 25°C
1:.0.1 39.94 28.88 | 13.99 | 6.03 2.01 90.85
1:0.2 40.76 30.07 | 1467 | 6.11 2.02 93.63
1:0.4 40.95 30.86 | 15.39 | 6.31 2.02 95.53
1:.0.6 40.99 30.97 | 15,60 | 6.35 2.04 95,95
1:0.8 41.08 31.10 | 1585 | 6.36 2.06 96.45
1:1 41,13 31.17 | 16.06 | 6.37 2.09 96.82
1:1.2 41.17 31.23 | 16.10 | 6.39 2.10 96.99
Solution temperature, 20°C
1:.0.1 40.95 29.93 | 15.08 | 6.09 2.03 94.08
1:0.2 41.89 31.76 | 15.34 | 6.17 2.03 97.19
1:.0.4 42,51 32.14 | 1559 | 6.35 2.05 98.64
1:0.6 42.60 32.20 | 15.69 | 6.39 2.06 98.94
1:.0.8 42.65 32.26 | 15.86 | 6.40 2.07 99.24
1:1 42,66 32.27 | 16.06 | 6.31 2.08 99.38
1:1.2 42.69 32,31 | 16.12 | 6.38 2.11 99.68
Table 2
Dependence of the degree of regeneration on the ratio of water and tributyl phosphate and
temperature
Indicators Water to Tributyl Phosphate Ratios
1:01 | 102 | 1:.04 | 1:.06 | 108 | 11 | 1:1.2
Regeneration temperature, 75°C
Absorber No. 1 34.69 35.62 37.28 39.12 40.10 | 41.08 | 42.83
Absorber No. 2 35.50 36,34 38.69 40.05 41.33 | 42.15 | 4457
Absorber No. 3 36.41 37.83 39.14 40.56 42,29 | 43.97 | 45.80
Absorber No. 4 37.64 39.15 40.86 42.28 44.03 | 45.80 | 48.07
Absorber No. 5 39.26 41.83 43.57 44.89 46.37 | 48.26 | 50.19
Regeneration temperature, 80°C
Absorber No. 1 56.61 58.80 59.40 59.97 60.88 62.19 | 63.75
Absorber No. 2 56.98 58.96 59.88 60.59 61,64 63.08 | 64.53
Absorber No. 3 57.60 59.27 60.46 61.52 62.58 63.84 | 64.82
Absorber No. 4 58.43 59.81 61.15 61.96 62.94 64.17 | 65.20
Absorber No. 5 58.85 60.14 61.76 62.24 63.18 64.37 | 65,60
Regeneration temperature, 85°C
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Absorber No.
Absorber No.
Absorber No.
Absorber No.
Absorber No.

75.48 75.94 76.12 76.50 77.09 77.34 | 77,80
76.04 76.57 77.83 77.98 78.02 78.25 | 78.46
76.88 77.12 77.95 78.09 78.27 78.51 | 78.69
77.40 77.68 77.99 78.25 78.49 78,70 | 78,82
77.55 77,82 78.10 78.33 78.58 78,76 | 78,89
Regeneration temperature, 90°C
93.12 93.18 93.22 93.25 93.30 93.36 | 93.45
93.25 93.28 93.33 93.38 93.45 93.49 | 93.56
93.72 93.80 93.87 93.91 93.96 94.04 | 94.11
94.17 94.25 94.30 94.37 94.42 94.46 | 94.53
95.18 95.24 95.29 95.33 95.38 95.42 | 95.47
Regeneration temperature, 95°C
99.16 99.37 99.49 99.61 99.63 99.68 | 99.70
99.29 99.41 99.52 99.64 99.65 99.67 | 99.71
99.48 99.56 99.61 99.66 99.68 99.70 | 99.73
99.54 99.57 99.64 99.70 99.74 99.75 | 99.76
99.58 99.63 99.67 99.69 99.74 99.76 | 99.79

QB WIN|F-

Absorber No.
Absorber No.
Absorber No.
Absorber No.
Absorber No.

QI WIN|F

Absorber No.
Absorber No.
Absorber No.
Absorber No.
Absorber No.

Ol WIN|F

The results of the experiments are given in Tables 1 and 2. Chemical analysis of the solutions
used for absorption and extraction of nitric acid established the degree of absorption of nitrous gases
depending on the temperature, ratios of TBP and water. Based on the results obtained, it can be
concluded that the absorption of nitrous gases using a mixture of water and tributyl phosphate in step
absorbers is 84.50 - 99.38% depending on the cleaning conditions. With a water and TBP ratio of 1:
0.2 and a nitric acid concentration of 5% and a temperature of 35°C, the absorption degree is 85.24%.
A decrease in temperature by 15°C and an increase in the water and TBP ratio to 1: 1 makes it possible
to increase the nitrogen oxide absorption degree by approximately 15% (Table 1). Preliminary
research results have shown that using a mixture of water and tributyl phosphate for nitrogen oxide
absorption at normal temperatures and pressures in five absorbers, it is possible to absorb up to
97.19% of nitrogen oxides and almost completely regenerate TBP at a temperature of 95°C, which
can be reused for absorbing nitrous gases. Thus, the dependence of the absorption and extraction
degree of nitric acid on the temperature and water and TBP ratio and on the number of absorbers has
been determined.

References:

1. Kulenzan A.L., Marchuk N.A. Analysis of the impact of pollutants on humans and the environment.
Izvestiya Universiteta. Chemistry and Chemical Technology. 2022. Vol. 65. Issue 1. P. -116-121

2. Flisyuk O.M., Novikova D.A., Martsulevich N.A., Panasenko S.A. Determination of optimal conditions
for efficient absorption of nitrogen and sulfur oxides by ferromanganese nodules. Proceedings of universities.
Chemistry and chemical technology. 2019. Vol. 62. Issue 11. P. —150-155

3. Kulish O., Zaporozhskiy K., Kuzhevatov S., Orlova M., Senyavin V., Glazer I. Reduction of secondary
pollutant formation in the process of non-catalytic purification of flue gases from nitrogen oxides. Ecology and
Industry of Russia. 2020; 24 (7): 8-11. https://doi.org/10.18412/1816-0395-2020-7-8-11

4. Usanboyev N., Namazov Sh.S., Beglov B.M. Graph-static and IR spectroscopic study of oxidation
products of Angren brown coal with nitric acid // Chemistry and chemical technology - Tashkent, 2006. No. 2.
- P. 6-10.

5. Usanboyev N., Namazov Sh.S., Beglov B.M. Oxidation of brown coal from the Angren deposit with
nitric acid // Chemical Industry - St. Petersburg, 2006. v. 83, no. 2. - P.55-61.

6. Usanboyev N., Namazov Sh.S., Beglov B.M. Study of the possibility of reducing the emission of nitrogen
oxides during the oxidation of Angren brown coal with nitric acid // Chemical Industry - St. Petersburg, 2006.
v. 83, no. 5. — P. 223-227.

7. Rogozhnikov D.A., Karelov S.V., Mamyachenkov S.V., Anisimova O.S. Methods of utilization of
exhaust nitrous gases // Modern problems of science and education. 2011. No. 6, - P. 29-34.

8. Kuznetsov I-E. New methods of gas purification from nitrogen oxides. Kiev: Ukr . NIITI, 1971. 42 p.

254


https://doi.org/10.18412/1816-0395-2020-7-8-11

Science and Education in Karakalpakstan. 2024 #23/2 ISSN 2181-9203

9. Nekrich E.M., Khrapal G.V. Cleaning of low-concentration exhaust gases containing nitrogen oxide //
Khim. prom-st . 1974. - No. 3. - pp. 203-204.

10. Melnik B.D., Lesokhin I.G., Traber D.G. Study of catalysts for oxidation of NO to NO,, Proceedings of
the Leningrad Technological Institute named after Lensovet, 1940, issue 3, pp. 3-12.

11. Kuznetsov |.E. Oxidation of nitrogen oxide on catalysts. - In the book: Kuznetsova I.E., Troitskaya
T.M. Protection of the air basin from pollution by harmful substances. Moscow: Chemistry, 1979, pp. 102-
104.

12. Konvisar V.1., Zhuravskaya V.S. Study of the process of oxidation of nitrogen oxide on zeolites. In the
book: Abstracts of reports of the X All-Union Conference on the Technology of Inorganic Substances and

13. Ganz S.N., Mamon L.I. Absorption of nitric oxide by ferrous sulfate. // J. Applied Chemistry: 1953. -
No. 26. - pp. 1005-1013.

14. Belova N.P. Study of the process of nitrogen oxide absorption by organic absorbers. — Cand.
dissertation, D.l. Mendeleev University of Chemical Technology of Russia , 1979.

15. Panov- VL, Chupalova TA On the solubility of nitrogen oxides by tributyl phosphate. - In the book:
Technology of mineral fertilizers. Interuniversity collection of papers. L., 1979, pp. 85-89

16. Patent RU 2241663, Russian Federation, IPC C01B21/40. Method for producing nitric acid // A.S.
Savenkov, M.I. Vorozhbian , N.B. Guba et al. , application No. 2001103791/15: published 10.02. 2004 .

17. Author's certificate No. 72264 USSR. Class 12k, 6 12 and 26. Method of processing nitrous gases / V.F.
Gogin. published 1948

18. Author's certificate, No. 50730 USSR. Class 12 and 27. Method of using nitrogen oxides in the
production of sulfuric acid // V.F. Gogin, L.S. Assinovsky, Ya.l. Shebakpolsky. Published 1937.

19. Author's certificate, No. 50730 USSR. Class 12 and 27. Method for obtaining an effective sorbent from
wood sawdust // B. O. Lyubin. Published 1949,

20. Roznicenko S.O., Verigin A.N., Ratasep M.A. Utilization of acid gases in a rotary absorber //
Alternative energy and ecology. 2011. No. 4. P. 89-94

21. Mishchenko A.V., Kuznetsov S.I. Thermal method of neutralization of nitrogen oxides // Bulletin of
the Kherson National Technical University. 2018. No. 2 (65). P. 35-40.

22. Atroshchenko V.1., Kargin S.I. Technology of nitric acid. Moscow: Goskhimizdat, 1969. pp. 302-312.

23. Author's certificate SU 1133229, 4 (51) C 01 in 21/40 USSR. Method for producing nitric acid // V.P.
Panov , V.S. Chupalov , S.F. Solovyov , L.Ya. Tereshchenko, E.A. Novikov, V.S. Beskov, Bulletin No. 1
07.01.1985.

24. Guide to practical classes on the technology of inorganic substances // Edited by prof. M.E.Pozin. L.:
Chemistry, 1980, 368 pp.

Rezyume: Ushbu magolada chigindi nitroza gazlarini suv va tributilfosfat aralashmasidan
foydalanib, uni keyingi regeneratsiya gilish va uning asosida nitrat kislota ishlab chigarish uchun
bosqichli absorberlarda singdirish natijalari keltirilgan. Tadgiqot natijalari, aynigsa keng doiradagi
azot oksidi tarkibidagi azot oksidlarining vaqti-vaqgti bilan doimiy chiqindi bo’lmagan emissiyasi
bilan tavsiflangan sohalarda ishlab chigishda keng qo’llanilishi mumkin. Yutilish darajasi va
regeneratsiyaning haroratga va suv- tributilfosfat aralashmalari nisbatiga bog ’ligligi aniglandi.

Pe3stome: B oannoii pabome npusedena pe3yibmambsl NO2N0WEHUsL OCMAMOYHbIX HUMPOIHBIX
2a308 C UCNONbL30BAHUEM CMEChIO 800bl U mpubymuigpocghama 6 cmynenuamolx abcopbepax OJisi
oanvHeluuezo e2o pecenepayuu u novry4erusd Ha €20 OCHoee azomuoul kucaomsi. Ocobo wupokoe
NpUMEHEeHUe pesyibniantvl UCCTIeO00B8AHUA  MOJICEm HAUMU 6 npous’eodcmeax, onsa Komopbslx
xXapakmepeH HEenoCcmosHHbIU 8bl6p06‘ OKCUO08 A30Md C WuUpoxKum OUANA30HOM COd@prCCZHZUZ OKCUO08
asoma. Onpe()efzeHa 3A6UCUMOCNIb CMENEHU NO2IOWeHUA U peceHepayuu om memnepaniypsvl u
COOMHOWEHUU CMeCh 800bl U mMpubymuivgochama.

Kalit so‘zlar: absorber, azotli gazlar, tributilfosfat, azot oksidi, azot kislotasi, ekologiya, azotli
gazlarni tozalash.

Knrwoueevie cnosa: abcopoep, numposHvie 2asvl, mpubymuigocgham, oxcuovl azoma,
a3oOmHasdl Kucioma, 3K0Jj102us, O4uCmKa HumpO3HblX ca3086.
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