Use of alcohol waste in the synthesis of anti-smoke additives for diesel fuel and energy saving
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Abstract. The article develops innovative ways to produce diesel fuel. In the world, research is being conducted on the synthesis of additives with the participation of organic esters and metal salts to reduce smoke during the combustion of diesel fuels. In the proposed technology, research is being conducted on the synthesis of additives, using waste from alcohol production, and on its basis, a technology for obtaining anti-smoke additives for diesel fuels is being developed. These include the selection of raw materials for the production of anti-smoke additives, the determination of the physicochemical properties of raw materials necessary for the modification of diesel fuel with the help of lubricating oil, complex esters and heavy metal salts.
INTRODUCTION
Currently, great attention is paid to the production of smokeless diesel fuels in the world. The cetane number in the composition of diesel fuel is one of the most important quality indicators, and in the production of new generation engines, the cetane number is required to be from 51 to 55. Improving the performance of motor fuels is currently impossible without highly effective additives. For this, various complex esters are obtained by modifying them with heavy metal organic salts. In order to obtain diesel fuels that meet the requirements of the Euro-5 standard, it is important to synthesize the necessary additives in order to reduce the amount of aromatic and naphthenic hydrocarbons in the composition and increase the amount of normal paraffins.
In the world, research is being conducted on the synthesis of additives with the participation of organic esters and metal salts to reduce smoke during the combustion of diesel fuels. In this regard, special attention is paid to studying the chemical composition of diesel fuels, their physicochemical properties; obtaining anti-smoke additives by modifying complex esters with metal sulfonates; determining the physic-chemical, technological, physic-mechanical properties of the obtained anti-smoke additive; developing a technology for synthesizing anti-smoke additives for seasonal diesel fuels [1-14]. 
In oil refining in our republic, great attention is paid to the localization of the raw material base, reducing the number of high-molecular paraffins in diesel fuels, and the production of products aimed at synthesizing anti-smoke additives, and certain results are being achieved. The third direction of the Development Strategy of New Uzbekistan aimed at further development of the Republic of Uzbekistan sets out such important tasks as “Introduction of market mechanisms in the supply of natural gas with guarantees of social protection through acceleration of transformation processes in the oil and gas sector”.
The implementation of the tasks set out in the Decree of the President of the Republic of Uzbekistan No. PF-5646 dated February 1, 2019 “On measures to radically improve the management system of the fuel and energy industry of the Republic of Uzbekistan”, Resolutions No. PP-4265 dated April 3, 2019 “On measures to further reform the chemical industry and increase its investment attractiveness”, Decree No. PF-60 dated January 28, 2022 “On the Development Strategy of New Uzbekistan for 2022-2026” aimed at further development of the Republic of Uzbekistan, and other regulatory legal acts related to this activity are indicated in this article.

EXPERIMENTAL RESEARCH
The research consists in developing a technology for obtaining anti-smoke additives for diesel fuels based on residues generated during the production of ethyl alcohol. These include the selection of raw materials for obtaining anti-smoke additives, determination of the physicochemical properties of raw materials necessary for modification with the help of lubricating oil, esters and heavy metal salts necessary for obtaining anti-smoke additives for diesel fuels [15-28].
In addition: obtaining additives for anti-smoke diesel fuels using esters and heavy metal salts; determination of the composition of the obtained anti-smoke additive; determination of the effect of the obtained anti-smoke additive on diesel fuels; determination of the effectiveness of the developed additive in terms of the quality indicators of diesel fuels; determination of the composition of improved diesel fuels; comparative analysis of the effectiveness of the developed and foreign anti-smoke additives; development of a technology for obtaining additives to reduce the smoke emitted during the combustion of diesel fuels.
RESEARCH RESULTS - RESEARCH RESULTS
Therefore, the research objects are used in the production of ethyl alcohol.
The residues (lubricating oil), the initial boiling point fraction -95°C separated from the distillation residue, as well as sulfuric acid, barium hydroxide and benzene were obtained.
The esterification of alcohols, metal sulfonates can be used as anti-smoke additives. The use of lubricating oils and barium benzo sulfonate as raw materials for the production of anti-smoke additives is of interest. 
As shown by the analysis of ethyl alcohol production residues, the composition of lubricating oils includes a series of alcohols with molecular weights from 74 to 130, with carbon atoms from 3 to 9, as well as ethers.

TABLE 1. Component composition of lubricating oils
	Component naming
	compound, %

	spittoon:
	55,79

	- ppoponal-1
	3,87

	- 2-methylpopanol-1
	2,85

	- 2-methylbutanol-1 
	3,97

	- 2-methylhexanol-3 
	4,39

	- heptanol-4 
	2,71

	- 2-ethyl-3-hexenol-1
	12,47

	 - 2-ppopylpentanol-1 
	18,08

	- 2-ethyl-2-hexanol-1 
	5,71

	           -mypakkab spittlap
	1,74

	-ephipps: 
	41,43

	- bytilbythionate 
	2,90

	- 1,1-dibutyloxybutane 
	16,43

	- mypakkab efiplap
	22,10

	ketolap: 
	2,78

	Total:
	100,00



Due to the large number of components of the residues of ethyl alcohol production, it was necessary to determine which components of the initial potential raw material could be most rationally used to obtain anti-smoke additives by salvation of the leaves.
The interaction of alcohol with inorganic acids occurs with the formation of esters by the esterification reaction, therefore, for example, 2-methylpropanol-1-alcohol sulfate contained in the raw material interacts with the acid, forming 2-methylpropylsulfate according to the following scheme:
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                       2-methylpropanol			2-methylpropyl sulfate
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FIGURE 1. Mechanism of the esterification reaction

Without the participation of catalysts, esterification usually proceeds very slowly, therefore, in many cases, the reaction of carboxylic acids with alcohols cannot be carried out without substances that accelerate the reaction. Various types of compounds are used as catalysts: acids, ion-exchange resins, salts, oxides, etc. The esterification reaction can be carried out in the liquid or vapor phase, with or without the presence of an inert organic solvent, at elevated temperatures and pressures. The increase in the positive charge of the carbon in the carbonyl group increases the rate of esterification of the carboxylic acid. Uncompleted organic acids, including formic, oxalic, and pyruvic acids, react very quickly even in the absence of a catalyst.
The complete component composition of the initial boiling point fraction of 95°C was determined by chromatographic-mass spectrometry and is shown. 

TABLE 2. Physicochemical properties of lubricating oils
	Multiplier designation
	Mark it

	Faction found, °С:

	- initial boiling point, not less than
	95

	- 50% fractional composition
	138

	- 96% fractional composition
	186

	- maximum boiling point, not higher
	195

	Flash point in a closed cup, °C,
	75

	Water content, %, not less
	0,2

	Density at 20 °C, kg/m3
	820-840



Below is the complete component composition of the initial fraction with a boiling point of 95°C, determined by chromatographic mass spectrometry.
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FIGURE 2. Chromatogram of the NK-95oC ESICK fraction

Hydrotreated diesel fuel produced by Fergana Oil Refinery LLC was used as the main diesel fuel; the physicochemical properties are presented below.

TABLE 3. Physicochemical composition of diesel fuel hydrotreated at "Fergana Oil Refinery" LLC.
	Indicator name
	Diesel fuel ychyn Evpo 3 meyoplapi
	Multiplier value list

	Cetane number
	Not less than 51.0
	51,0

	Density at 15°C, kg/m3
	820-860
	830

	Composition of polycyclic aromatic hydrocarbons, %.
	Not less than 8.0
	5,5

	Sulfur content, mg/kg, for fuel: type 1
	Not more than 50-(0.5)
	27-(0,27)

	Flash point in a closed cup, °C
	More than 40
	48

	Coke 10% distillation residue, %
	Not more than 0.30
	0,065

	Ash content, %
	Not more than 0.01
	0,0027

	Water content, mg/kg
	Not available
	Not available

	Amount of mechanical impurities, mg/kg
	Not available
	Not available

	Corrosion of copper plate (3 hours at 50°C), units on the scale
	1 синф
	1 синф

	Oxidation resistance: Total amount of sediment, g/m3
	Not available
	Not available

	Lubricity: Diameter of the adjusted spot at 60°C, μmμ
	Not more than 460
	565

	Kinematic viscosity for 40°C, mm2/s
	2,00-4,50
	2,49

	Fraction composition:
	
	

	-50% fraction exit temperature oC,
	Not more than 290
	264

	-90% fraction exit temperature oC
	Not more than 360
	352

	Limited filtration temperature, oC
	Not less than 3.0
	4,2


CONCLUSIONS
The main scientific and practical results of the research are as follows:
- Barium benzo sulfonate was obtained in the presence of barium hydroxide, benzene and sulfuric acids. The composition of the residue obtained in the production of ethyl alcohols was analyzed, the initial (95°C) and high boiling points (195°C) of the residue were determined. The high boiling point products of the residue obtained in the production of ethyl alcohols and the relative mixtures of barium sulfonates (10:0.1) allow the use of diesel fuel as an anti-smoke additive without processing.
- "Fergana Oil Refinery" LLC, based on the results of the research on the development of a technology for obtaining anti-smoke additives for diesel fuel - the production of anti-smoke additives for diesel fuel "Fergana Oil Refinery" LLC is developing a reference book. As a result, it allowed to reduce (0.287 mg/dm3) the permissible level of smoke (0.3 mg/dm3) when burning diesel fuel;
As a result, it allowed to increase the effectiveness of the cetane number;
As a result, when diesel fuel is burned, smoke can be reduced by 25% compared to the initial state.
-A study of the effectiveness of an anti-smoke additive developed for diesel fuel showed that the value of the soot spot diameter of diesel fuel is reduced by 30%.
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