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РЕФЕРАТ
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МҰНАЙДЫҢ АУЫР ҚАЛДЫҚТАРЫ, ГУДРОН, МЕТАЛСЫЗДАНДЫРУ, КҮКІРТСІЗДЕНДІРУ, КОКС, АДСОРБЕНТ, ВАНАДИЙ, ЦЕОЛИТ, ТҮРЛЕНДІРУ
Зерттеу нысаны – Павлодар мұнай химия зауытының баяу кокстау қондырғысының гудроны.
Жұмыстың мақсаты – химиялық түрлендірілген наноқұрылымды адсорбенттерді пайдаланып, мұнайдың ауыр қалдықтарын металсыздандыру және күкіртсіздендіру технологиясын әзірлеу және күкірт пен металдардың мөлшері аз кокс алу.
«Павлодар мұнай химия зауыты» ЖШС металсызданған және күкіртсізденген гудронын 490-510 С температурада 8 сағат бойы кокстау жүргізілді. Кокстау нәтижесінде кокс шығымы 34 %-ға дейін, бензин фракциясының шығымы артады, кокстық дистиллят шығымы азаяды.
Алынған кокс үлгілерінің негізгі физика-химиялық сипаттамалары мен құрамындағы күкірт және металдардың мөлшері анықталды. Алдын ала металсыздандырылған және күкіртсіздендірілген гудроннан алынған кокс ұшқыш заттардың массалық үлесі (6 %), күлділігі (0,25 %), күкірт (1,45 %) пен металдардың мөлшері (0,008% V, 0,0014 % Ni, 0,0011 % Fe) бойынша жақсартылған көрсеткіштерге ие болды. Бұл көрсеткіштер бойынша кокс үлгісі кокстың бірінші сұрыпты КЗА маркасының талаптарына сай келеді.
Өңдеуден кейінгі химиялық адсорбентті кәдеге жарату тәсілі сыналды.
Павлодар мұнай химия зауытының технологиялық сызбасына мұнайдың ауыр қалдықтарын металсыздандыру, күкіртсіздендіру және кокстау процестерін енгізу үшін практикалық ұсынымдар әзірленді. Металдар мен күкірттің мөлшері аз кокс өндіру үшін ванадий оксидінің ксерогелімен өңделген цеолит қатысында гудронды 340-400 С-та 3 сағат металсыздандыру және күкіртсіздендіру процесінен, 490-510 С-та 8 сағат кокстау процесінен тұратын технологиялық сызбанұсқа әзірленді.
Жұмыстың практикалық маңыздылығы құрамындағы күкірт пен металдардың мөлшері аз кокс алу үшін гудронның сапасын жоғарылату болып табылады.
Түрлендірілген адсорбенттерде металсыздандыру және күкіртсіздендіру технологиясы гудронның құрамынан металдар мен күкіртті тиімді азайтуға мүмкіндік береді. 
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The object of research is vacuum residue of the delayed coking unit of the Pavlodar petrochemical plant.
The purpose of this work is to develop a technology for demetallization and desulfurization of heavy oil residues by using chemically modified nanostructured adsorbents with subsequent production of coke with a low content of sulfur and metals.
Coking of demetallized and desulfurized vacuum residue of Pavlodar petrochemical plant LLP was carried out at a temperature of 490-510 С, the duration of the process is 8 hours. As a result of coking, the yield of coke and gasoline fractions increases to 34%, the yield of coke distillate decreases.
The main physical and chemical characteristics and the content of sulfur and metals in the composition of the obtained coke samples have been determined. The coke obtained from vacuum residue after preliminary demetallization and desulfurization has better indicators in terms of the mass fraction of volatiles (6 %), ash content (0,25 %), sulfur content (1,45 %) and metals (0,008 % V, 0,0014 % Ni, 0,0011 % Fe). According to the indicated indicators, the coke sample meets the requirements for the KZA coke grade, first grade.
The method of utilization of the spent chemical adsorbent has been tested. A method has been developed for utilization of a spent chemical adsorbent by alkaline treatment with an aqueous solution of ammonia.
Practical recommendations were given for the processes of demetallization, desulfurization and coking of heavy oil residues for introduction into the technological scheme of the Pavlodar petrochemical plant. For the production of coke with a low content of metals and sulfur, a technological scheme has been developed that includes carrying out the demetallization and desulfurization process at 340-400 °C for 3 hours in the presence of zeolite modified with vanadium oxide xerogel, coking process at 500 °C for 8 hours.
The practical significance of the work lies in improving the quality of vacuum residue to obtain the final product with high added value – coke with a low content of sulfur and metals.
This technology of demetallization and desulfurization on modified adsorbents makes it possible to effectively separate metals and sulfur from the vacuum residue composition.
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INTRODUCTION

The volume of production and processing of oil with a high content of metals, resinous-asphaltene components and heterocompounds is growing every year. The greatest difficulty is the qualified processing of heavy residues of vacuum or deep vacuum distillation of oil - vacuum residue, where metals and resinous-asphaltene components are concentrated, which requires significant capital and operating costs.
The main way of deepening oil refining is the processing of residues, which are becoming increasingly difficult and whose quality is getting worse. Until now, an insurmountable technological barrier for deep and residue-free refining has been the problems associated with the increased content of not only metals, but also sulfur in oils and oil residues, which are irreversible poisons for catalysts, corroding equipment.
The processing of these residues with the use of catalysts leads to the rapid coking of the latter, their high consumption and a sharp increase in the cost of processing and, accordingly, the finished product.
At present, an increasing share in the country’s fuel balance is occupied by sulphurous and high-sulfur oils, the processing residues of which are the source of petroleum coke production. Despite the fact that sulfurous coke is independently used as a sulfonating additive to coal charge, the most valuable is coke with a sulfur content of less than 1.5 wt. %. The standard method for reducing the sulfur content of coke is calcining. Most petroleum coke refineries do not have sufficient calcining capacity and are forced to sell high sulfur coke at low prices. This is due to the fact that the bulk of coke with a sulfur content of 2% or more is not suitable for the electrode and unsuitable for the aluminum industry. Combustion of high sulfur coke fuels is environmentally damaging.
The relevance of the development of technologies for deep processing of heavy hydrocarbon raw materials is caused by the following factors:
- the need to involve high-viscosity oils, natural bitumen and oil shale in the processing in connection with a decrease in light oil reserves;
- increasing demand for energy, fuel and demand for quality products of petrochemical synthesis;
- increasing the complex use of hydrocarbon raw materials as an alternative for other industries: chemical industry, metallurgy, construction, etc.;
- the environmental hazard of air pollution due to the release of huge amounts of harmful substances (primarily metals and sulfur) resulting from the combustion of oil and oil products;
- the presence of metal in oils can be assessed from the standpoint of human health: for example, the number of hazardous elements for human life includes: mercury, beryllium, arsenic, bromine, chromium, zinc, lead, selenium, strontium, manganese, vanadium, cobalt, cadmium, zirconium, uranium, thorium, radium, radon, which can have a carcinogenic, mutagenic effect, can be strong allergens, etc.
The search for innovative schemes for the preparation and processing of oil with the extraction of associated metals is an urgent scientific problem of the oil industry.
In addition, at the moment, the Republic of Kazakhstan does not produce petroleum coke with a total content of sulfur and metals of less than one percent. The need for needle cokes is 250 thousand tons per year.
The key problems to be solved by these studies are, firstly, improving the quality of oil feedstock for delayed coking units - vacuum residue to obtain products with high added value - coke; secondly, improving the environmental situation in the oil refining area (reducing emissions of highly toxic compounds of vanadium and sulfur), and thirdly, the emergence of alternative raw materials for the production of metals (vanadium).
The aim of the project is to develop a technology for demetallization and desulfurization of heavy oil residues by using chemically modified nanostructured adsorbents with subsequent production of coke with a low content of sulfur and metals.
To achieve this goal in 2018 (interim report (stage I), inventory number 0218RK005417), the following tasks were solved:
· fabrication of a laboratory unit for demetallization and desulfurization of heavy oil residues;
· installation of a laboratory unit for demetallization and desulfurization of heavy oil residues;
· establishment of optimal technological parameters of the process of demetallization and desulfurization of heavy oil residues: temperature, pressure, volumetric feed rate;
· determination of the optimal composition of the chemical adsorbent for demetallization and desulfurization of vacuum residue.
In 2019, in accordance with the calendar plan, the following project tasks were solved (interim report (ІІ stage), inventory number 0219RK01119):
· optimization of technological conditions for modifying a zeolite carrier with nanostructured compounds of rare metals;
· determination of the physicochemical properties of the modified adsorbent;
· carrying out laboratory tests of the vacuum residue demetallization and desulfurization method on a modified chemical adsorbent;
· determination of the residual content of metals and sulfur in vacuum residue after testing the modified adsorbent.
In 2020, the following project tasks were solved:
· carrying out coking of demetallized and desulfurized vacuum residue;
· determination of the physicochemical properties of the modified adsorbent;
· testing of methods of utilization of spent chemical adsorbent;
· issue of practical recommendations for the processes of demetallization, desulfurization and coking of heavy oil residues.
[bookmark: _GoBack]1 Literature review

A common process for processing heavy oil residues is the coking process, which produces petroleum coke and distillate fractions. All over the world, coking is of great importance for the utilization of heavy residues to obtain the maximum amount of distillates and for the production of motor fuels and to obtain coke of a given quality for use in various industries. Petroleum coke is used in non-ferrous metallurgy in the production of aluminum, as a structural material for the manufacture of corrosion-resistant equipment, in cement production. Sulfurous and high-sulfurous types of coke can be used as a reducing agent and sulfiding additive in mine smelting of oxidized ores of some metals, in the production of carbon disulfide, sodium sulfide, etc. Compared with coal-tar coke, sulfurous petroleum coke has a low ash content (0,2-0,8 %) and lower cost. Low-grade petroleum cokes are used as fuel.
In industry, there are the following options for the coking process [1]:
· Periodic coking in coke stills. The coke is hardened in the stills and lumpy coke is obtained, which is used for the production of electrodes. Due to low performance, the method was not widely used.
· Continuous coking (abroad process “fluid-cracking”). It is carried out in a “fluidized bed” of a powdery heat carrier and is aimed at the maximum yield of distillate fractions.
· Combined process of thermal contact coking with subsequent steam-oxygen (air) gasification of powdered coke (“flexicoking” process) to obtain, in addition to distillates, synthesis gas.
· Delayed coking. Raw materials heated to 470-510 С are fed into coke ovens, where thermal cracking reactions take place with the formation of coke and gaseous products. The process is called “slowed down” coking because the raw material is quickly heated in the furnaces and pumped into an unheated hollow chamber, where it is gradually converted into coke.
The yield and quality of coke depend on the feedstock, which has conflicting requirements: on the one hand, the feedstock must provide a high yield of high-quality coke, on the other hand, it must not coke the tube furnace coil, providing the longest overhaul period of the delayed coking unit [2].
The production of coke is characterized by the following features: at the enterprises there is an increase in the weight of coking raw materials, a market for the sale of products of secondary catalytic processes has emerged [3]. In this regard, it is proposed to prepare low-sulfur coking raw materials by involving residues from petrochemical processes, and organize coke production from straight-run fuel oils of low-sulfur oils.
The high content of sulfur and metals is retained in coking products, which complicates its use in metallurgy and chemical industry. The existing methods for producing low-sulfur cokes from high-sulfur raw materials are divided into three groups: preparation of coking raw materials, removal of sulfur during coking and desulfurization of the finished coke.
As a result of research [4], it was found that coking of oil vacuum residue with a significant amount of asphaltenes and silica gel resins leads to the maximum amount of petroleum coke. Increasing the pressure, increasing the recirculation ratio and maintaining the coking temperature at about 480 °C also increases the coke yield. To reduce the amount of sulfur, it is proposed to use paraffinic raw materials. The most rational option is a processing scheme that combines the process of delayed coking and hydrocracking.
The main method of raw material preparation is technologies using hydrodesulfurization of oil residues, which include hydrotreating of straight-run fuel oil followed by vacuum distillation and obtaining a residue for coking or hydrotreating a vacuum strand followed by thermal cracking and obtaining low-sulfur cracking residue for the coking process [5]. The proposed technology has not found industrial application due to the high costs of preparing raw materials and imperfect hydrotreating technology.
To reduce the content of sulfur and metals in coke, preliminary hydrodesulfurization processes have been proposed, as a result of which the content of sulfur-containing compounds in the raw material decreases. A known method of producing petroleum coke by coking hydrodesulfurized fuel oil [6]. However, the process of hydrodesulfurization of the residues is complex and expensive, as it requires the use of equipment operating under high pressure.
A known method of producing products in a delayed coking unit, including heating heavy sulfur-containing oil products to the coking temperature and coking it in a reactor in the presence of hydrogen in one stage. The method is aimed at reducing the sulfur content in the resulting products: gasoline, coke, light and heavy gas oils [7]. The disadvantage of this method is the explosion and fire hazard of the operation of the delayed coking unit when using hydrogen as a reagent.
There is a known method of producing petroleum coke [8], which consists in the fact that a mixture of heavy oil residues of petrochemistry and/or oil refining, in particular a mixture of distillate cracking residue and vacuum residue, is fed into a delayed coking chamber, after which the resulting product is treated with hydrogen at a temperature of 490-550 C and pressure up to 5 MPa for 8-24 hours. The disadvantage of this method is the high cost caused by the use of hydrogen.
Other methods of preparation of raw materials, for example, the method of alkaline washing, thermal and thermochemical methods of desulfurization of coke are burdened with high energy intensity, introduce a lot of impurities of alkali or alkaline earth metals into the coke, or require additional deep development [9].
A method for coking oil residues has been developed, which includes heating the primary feedstock, processing it, preliminary thermal polycondensation followed by coking the secondary feedstock and separating the vapor-gas coking products [10]. Processing of primary feedstock after heating is carried out by absorption of heavy oil fractions of vapor-gas coking products with separation of light fractions and the formation of secondary feedstock, which is heated to the coking temperature and subjected to preliminary thermal polycondensation in a mixture with a coolant - distillation column bottoms in a separate reactor, and then coking is carried out under pressure 0,5-1,5 MPa. As a result of the implementation of the method, the yield of coke from the primary raw material was 41 %. The disadvantage of this method is its complexity, carrying out absorption and coking at pressures up to 1,5 MPa and the lack of data on standard indicators for the quality of coke.
A well-known way to improve the quality of petroleum cokes is to compound tar with other refinery and petrochemical products (distillate cracking residues, catalytic cracking gas oils, oil pyrolysis products and oil production extracts). This method is based on the principle of dilution of raw materials with low-sulfur additives. In the methods of producing petroleum coke, the organic part of oil-bituminous rocks in the amount of 1-10 wt. % [11], a mixture of coal tar and pyrolysis resin in a ratio of 1:1 in an amount of 1-30 % [12], a mixture of              5-10 wt.% heavy pyrolysis resin and 5-15 wt. % heavy catalytic cracking gas oil [13, 14], a mixture of 5-10 wt. % extract of selective  oil purification and 5-10 wt. % heavy pyrolysis resin [15], preheated to 200-300 С 10-25 % hydrotreated gasoline fraction of liquid coking products [16], heavy catalytic cracking gas oil or asphalt in an amount of at least 30 % [17].
The results of work [18] showed that the use of four- or five-component compounded mixtures reduces the content of impurities in the coke by 10-20 % while maintaining the yield of 26-29 %.
To increase the furnace overhaul and the productivity of the delayed coking unit, a method for producing coke is proposed, including heating the raw material in the furnace to a temperature of 480-500 С and introducing CaO or Ca(OH)2 or CaCO3 additives in an amount of not more than 15 % in the form of a pasty mixture with hydrocarbon diluent [19]. Moreover, as a result of the strong affinity of calcium for sulfur, sulfur of organic origin is converted into inorganic form.
The article  [20]  studied  the  possibility  of producing coke from a mixture of 30 % oil from the Karazhanbas field and 35% natural bitumen Beke and Munaily Mola.
All of these additives are technologically complex raw materials. They are distinguished by a pronounced tendency to physical intermolecular interactions, which is due to an increased concentration of resinous-asphaltene substances, high coking capacity, high content of sulfur, nitrogen, heavy metals [21]. In addition, these are high-viscosity free-dispersed systems. All this requires a scientific approach to the processing of such systems and the problem of mixing them for use as feedstock. A serious issue is the creation of stable compositions resistant to separation into phases, to increased coke deposition in pipes of heating equipment, to coking and poisoning of catalysts. The resources of these aromatic hydrocarbon concentrates are limited, which makes it necessary to consider other possibilities to increase the yield and improve the quality of coke.
Thus, it is necessary to develop a new inexpensive technology that improves the quality of coke, including coke from high-sulfur raw materials. When producing coke with desired properties and a certain crystal structure, one should take into account the peculiarities of the composition and properties of the feedstock, not only the content, but also the regular arrangement of aromatic rings in polycyclic structures, the absence of heteroatoms.
2 Experimental procedure

2.1 Object of study
The object of the study is vacuum residue – the feedstock of the delayed coking unit (DCU) of the complex for processing heavy oil residues of Pavlodar Petrochemical Plant LLP. The vacuum residue has the following characteristics: appearance – viscous low-mobile liquid, mass fraction of water – up to 0.1 wt. %; vanadium content – 178,7-200,1 mg/kg, 0,049-0,054 %; nickel content –         64,0-67,0 mg/kg, 0,0049-0,0058 %; iron content – 20,0-54,0 mg/kg, 0,0033 %; mass fraction of sulfur – 1,72-2,7 %; ash content – 0,02 wt. %; coking capacity – 14 wt. %; density at 20 °С – 981,0 kg/m3; boiling point – 380 °С.

2.2 Methodology for the process of demetallization and desulfurization
Figure 1 shows the instrumental and technological diagram of the enlarged laboratory unit for demetallization and desulfurization of petroleum feedstock. The installation allows conducting research on the purification of raw materials at the established values of the consumption of raw materials (from 1 to 5 l/h) and temperatures in the purification reactors (from 200 to 500 °C) in a conditionally continuous mode (taking into account the volume of loading of the raw material tank).

[image: G:\Публикации\2019\PST\Figure 1.tif]
Figure 1 – Apparatus and technological scheme of the installation for demetallization and desulfurization of heavy oil residues

The demetallization process consists in a short-term contact in a two-section tubular reactor at 300-450 °C of a heated heavy residue (vacuum residue) with an adsorbent. As a result of contacting the feedstock with the hot adsorbent, hydrocarbon vapors are formed, which, in a mixture with steam, are transported to the gas outlet line. During the passage through the first section of the pipe, various transformation reactions take place: light conversion, demetallization, and partial desulfurization.
In the process of demetallization and desulfurization of vacuum residue on an enlarged laboratory unit, the following technological regimes have been worked out: temperature in the reactor from 300 to 450 °C, processing time from 0,5 to     4 h, raw material consumption from 2 to 5 l/h, volumetric feed rate of 1-3 h-1.
Figure 2 shows a photograph of an enlarged laboratory unit for demetallization and desulfurization of heavy oil residues.


[image: ]

Figure 2 – Large scale laboratory unit for demetallization and desulfurization of heavy oil residues

[bookmark: _Toc409196573]2.3 Technique for coking heavy oil residues
The batch-type laboratory coking unit is designed to carry out the process of delayed coking of heavy oil residues. The general diagram of the laboratory coking plant is shown in Figure 3.
The vacuum residue sample, after demetallization and desulfurization by the adsorption method, is loaded into the reactor. After the top cover of the reactor has been wrapped and it is installed in its place in the installation, it is checked for tightness by performing a pneumatic test. For this, the coking gas evacuation system is disconnected and the nitrogen cylinder hose is attached to the connector. With the control valve 5, a pressure is set that exceeds the operating pressure by 1.5 times. The valve is closed and the system is tested for leaks for 5 minutes. Checking the tightness of the installation is carried out by soaping the flange, threaded and welded joints with soapy water. After checking the tightness, open the valve and release the pressure from the reactor. The detected defects are eliminated. Then the pressure is set back into the reactor. After the pressure is built up, valve 5 is closed, a system for removing gases and liquid coking products is connected to the connector. The temperature rise in the reactor is carried out at a rate of 2 °C per minute. The coking time is the time from the establishment of the operating temperature of the coking reactor to the end of coking. The pressure is measured by a manometer 3. After reaching the required pressure in the reactor, the pressure is manually controlled by slowly opening the valve 5 to release vapors and gases that increase the required pressure in the reactor. Hot vapors and gases from the reactor pass into refrigerator 6, part of the vapors, being cooled and condensed, passes into the coking distillate, which is collected in the separator. After cooling, the coking gases are sent to the gasometer, then to be removed from the laboratory unit to the exhaust ventilation system. Discharge of gases and vapors of the coking reactor and gases from the separator is carried out one hour before the end of coking. The pressure is released slowly through the valve. At the end of the process, turn off all electrical appliances at the installation, close the water supply to the refrigerators. The reactor is then cooled by natural ventilation of the air. After cooling the reactor, it is disassembled with the resulting coke unloaded.

[image: ]

1 – coking reactor; 2 – electric furnace; 3 – pressure gauge; 4 – thermocouple; 5 – control valve; 6 – reflux condenser; 7 – thermostat 

Figure 3 – Scheme of a plant for coking heavy oil residues

From the literature data for the experiment, the following operating technological parameters of the laboratory unit were selected during the coking process: process temperature – 490-510 °C; coking time 8 hours.
[bookmark: _Toc409196574]2.4 Sample Analysis Techniques
The mass fraction of volatile substances in the coke samples was determined according to GOST R 55660-2013, the ash content – according to GOST 11022-95, the mass fraction of total moisture – according to GOST 27588-91.
Sulfur content in vacuum residue and coke samples is determined in accordance with GOST 8606-2015 “Solid mineral fuel. Determination of total sulfur. Eshch’s method”.
The content of metals (vanadium, nickel, iron) in the coke samples was determined by inductively coupled plasma atomic emission spectrometry on an atomic emission spectrometer with microwave plasma type 4200 MP-AES Agilent Technologies in accordance with GOST 34242-2017.
The elemental composition of the adsorbent samples was determined using an Inca Energy energy dispersive spectrometer (Oxford Instruments, England) installed on a Superprobe 733 electron probe microanalyzer at an accelerating voltage of 25 kV and a probe current of 25 nA.






























3 Optimization of the basic technological parameters of the process of demetallization and desulfurization of heavy oil residues (2018)

3.1 Manufacturing of a laboratory installation for demetallization and desulfurization of heavy oil residues
An enlarged laboratory unit for demetallization and desulfurization of heavy oil residues was manufactured. The unit module includes a feed tank with a nominal volume of 10 l, a mixing device, a transfer pump, a heating furnace, a reactor with a nominal volume of 1 l with two sections (demetallization and desulfurization), a product tank with a nominal volume of 10 l and a control panel.

3.2 Installation of a laboratory installation for demetallization and desulfurization of heavy oil residues
Installation of a unit for demetallization and desulfurization of heavy oil residues was carried out. The unit is designed for demetallization and desulfurization of the feedstock of the delayed coking unit for the subsequent production of petroleum coke with a low content of metals and sulfur.

3.3 Establishment of optimal technological parameters of the process of demetallization and desulfurization of heavy oil residues: temperature, pressure, volumetric feed rate
The process of demetallization and desulfurization of vacuum residue of Pavlodar Petrochemical Plant LLP in the presence of a zeolite adsorbent modified with vanadium (V) oxide was carried out. Table 1 shows the results of chemical analysis of the content of metals and sulfur in the composition of the original vacuum residue and after its processing. As can be seen from the tabular data, the degree of extraction of vanadium is 90-92 %. Unlike vanadium, the degree of removal of nickel and iron varies in a wide range - for nickel from 57,2 to 71,6 %, for iron – from 35,2 to 69,1 %. The maximum degree of metal recovery is observed at a temperature of 340 С and a volumetric feed rate of 1 h-1. After desulfurization, the sulfur content in the vacuum residue composition decreases from 1,97 to 1,36 %, which also occurs at a temperature of 340 С. In general, the results of the vacuum residue analysis after the demetallization and desulfurization process in the presence of a zeolite adsorbent containing vanadium pentoxide at various temperatures and volumetric feed rates showed that the recovery rates of vanadium, nickel and iron averaged 90, 70, and 60%, respectively, and the sulfur content decreased from 1,97 to 1,36 %.
Thus, the optimal technological parameters of the process of demetallization and desulfurization of heavy oil residues were established: temperature – 340 С, pressure – 1 atm, volumetric feed rate of 1 h-1, process duration 3 hours. As a result of the process, the degree of extraction of vanadium, nickel and iron amounted to 90, 70 and 60 %, respectively, and the sulfur content decreased from 1,97 to 1,36%.

Table 1 – Content of metals and sulfur in vacuum resdiue before and after the process of demetallization and desulfurization

	Volumetric feed rate, 
	Metal content, mg/kg
	Sulfur content, %
	Metal removal rate, %

	h-1
	V
	Ni
	Fe
	
	V
	Ni
	Fe

	Residue
	200,1
	64,0
	54,0
	1,97
	-
	-
	-

	Т = 300 С

	1
	16,62
	21,5
	20,6
	1,72
	91,7
	66,4
	61,8

	2
	16,46
	27,4
	20,8
	1,67
	91,8
	57,2
	61,5

	3
	20,2
	24,7
	35,0
	1,8
	90,0
	61,4
	35,2

	Т = 320 С

	1
	17,2
	19,3
	20,6
	1,6
	91,4
	69,8
	61,8

	2
	16,1
	26,5
	23,5
	1,65
	92,0
	58,6
	56,5

	3
	18,3
	24,3
	21,1
	1,7
	90,8
	62,0
	60,9

	Т = 340 С

	1
	17,0
	18,2
	16,7
	1,36
	91,5
	71,6
	69,1

	2
	14,9
	22,0
	19,4
	1,48
	92,5
	65,6
	64,1

	3
	17,69
	23,4
	21,1
	1,4
	91,1
	63,4
	60,9

	Т = 360 С

	1
	17,4
	21,6
	20,1
	1,49
	91,3
	66,2
	62,8

	2
	17,7
	23,0
	29,7
	1,56
	91,1
	64,1
	45,0

	3
	20,3
	26,6
	29,6
	1,52
	89,8
	58,4
	45,2



3.4 Establishing the optimal composition of the chemical adsorbent for demetallization and desulfurization of vacuum residue
Table 2 shows the elemental composition of the chemical adsorbent before and after the process of demetallization and desulfurization of vacuum residue.
As can be seen from Table 2, in the composition of the adsorbent after vacuum residue treatment, the vanadium content increases from 0,59 to 1,07 %, iron from 0,13 to 0,20 % and sulfur from 0,01 to 0,51 %, which confirms it high adsorption capacity in relation to metals and sulfur.
Thus, the composition of the chemical adsorbent for demetallization and desulfurization of vacuum residue has been established. After the tar treatment, the content of vanadium, iron and sulfur in the adsorbent composition increases, which confirms its high adsorption capacity with respect to metals and sulfur.

Table 2 – Elemental composition of adsorbents before and after demetallization and desulfurization of vacuum residue
	Sample
	Content of elements, rel. %

	
	С
	O
	Al
	Si
	S
	Ca
	V
	Fe

	Initial adsorbent
	-
	47,49
	7,37
	43,16
	0,01
	0,13
	0,59
	0,13

	Adsorbent after the process
	
11,43
	
48,04
	
6,89
	
32,37
	
0,51
	
-
	
1,07
	
0,20


4 Demetallization and desulfurization of heavy oil residues on the modified chemical adsorbents (2019)

4.1 Optimization of technological conditions for modifying a zeolite carrier with nanostructured compounds of rare metals
The technological conditions for modifying the zeolite support with nanostructured compounds of rare metals have been optimized. To improve the sorption characteristics, the zeolite carrier is modified with 1 % vanadium (V) oxide xerogel and 1 % oxysulfate, chloride, or titanium oxide. To enhance the desulfurization process, an impregnated adsorbent based on zeolite modified with 1 % vanadium (V) oxide xerogel and 1 % nanocarbon was prepared. The composition of the improved adsorbent is a zeolite modified with 1 % vanadium (V) oxide xerogel and 1 % nanocarbon.

4.2 Determination of the physicochemical properties of the modified adsorbent
The physicochemical properties and characteristics of modified adsorbents based on zeolite have been determined. Table 3 shows the main physicochemical characteristics of adsorbents based on zeolite modified with titanium compounds and xerogel of vanadium (V) oxide obtained by the sol-gel method.

Table 3 – Physicochemical characteristics of adsorbents

	Adsorbents
	Specific surface, m2/g
	Specific pore volume, cm3/g
	Average pore size, nm

	Zeolite original KN-4
	329,0
	0,173
	1,713

	Zeolite modified with 1% V2O5 xerogel
	
376,5
	
0,161
	
1,714

	Zeolite modified with 1% TiOSO4 and 1% V2O5
	
336,6
	
0,144
	
1,713

	Zeolite modified with 1% TiCl4 and 1% V2O5
	
312,6
	
0,134
	
1,714



As can be seen from Table 3, when the zeolite is modified with vanadium (V) oxide xerogel, the specific surface area increases from 329 to 376,5 m2/g, but the specific pore volume decreases from 0,173 to 0,161 cm3/g, the average pore size increased slightly. Modification of the zeolite with titanium oxysulfate in an amount of 1 % also increases the specific surface area of ​​the support from 329 to 336,6 m2/g, while the specific pore volume also decreases, the average pore size remains unchanged. Zeolite modified with 1 % TiCl4 and 1 % V2O5 showed lower values ​​of specific surface area and specific pore volume in comparison with the initial zeolite.



4.3 Conducting laboratory tests of the vacuum residue demetallization and desulfurization method on a modified chemical adsorbent
Laboratory tests of the method for demetallization and desulfurization of vacuum residue on modified chemical adsorbents were carried out.
Table 4 shows the results of testing an adsorbent – zeolite modified with 1 % titanium oxysulfate and 1 % vanadium oxide in the process of demetallization and desulfurization of vacuum residue at temperatures from 320 to 360 °C. As can be seen from the tabular data, the sulfur content in the vacuum residue composition decreases at a temperature of 340 °C from 1,72 to 1,28 %, which gives a degree of desulfurization of 25,6 %. The content of metals at all temperatures decreases slightly – vanadium from 0,054 to 0,017 %, nickel from 0,0058 to 0,0022 %, iron from 0,0033 to 0,0027 %.

Table 4 – Results of demetallization and desulfurization of vacuum residue with zeolite modified with 1 % TiOSO4 and 1 % V2O5

	Sample
	S, %
	V, %
	Ni, %
	Fe, %

	Vacuum residue
	1,72
	0,054
	0,0058
	0,0033

	Vacuum residue, after demetallization
at 320 °С
	
1,46
	
0,020
	
0,0023
	
0,0030

	Vacuum residue, after demetallization
at 340 °С
	
1,28
	
0,017
	
0,0022
	
0,0027

	Vacuum residue, after demetallization
at 360 °С
	
1,49
	
0,017
	
0,0023
	
0,0031



To increase the demetallizing and desulfurizing activity of the adsorbents, further experiments were carried out in the presence of an adsorbent - zeolite modified with vanadium (V) oxide and nanocarbon (Table 5). 

Table 5 – Results of demetallization and desulfurization of vacuum residue with zeolite modified with vanadium (V) oxide and nanocarbon

	Raw materials and type of adsorbent
	Т, С
	Content of elements

	
	
	V, mg/kg
	Ni,mg/kg
	S,%

	Vacuum residue
	-
	178,7
	67,0
	2,7

	Vacuum residue after demetallization with zeolite without modification
	
350
	
107,4
	
38,1
	
2,7

	Vacuum residue after demetallization 
	320
	39,1
	28,4
	2,6

	with zeolite modified with 1 % V2O5
	350
	36,1
	11,9
	2,1

	
	360
	31,8
	8,2
	1,9

	
	380
	33,7
	9,8
	2,0

	Vacuum residue after demetallization with zeolite modified with 1 % V2O5 and 1 % nanocarbon
	

350
	

28,4
	

8,8
	

1,7


When testing zeolite modified with vanadium (V) oxide and nanocarbon, the vanadium content in the vacuum residue decreases from 178,7 to 28,4 mg/kg, the nickel content – from 67,0 to 8,2 mg/kg, the sulfur content – from 2,7 to 1,7 %. The maximum recovery of metals and sulfur is observed at a temperature of     350-360 С and when testing a zeolite additionally modified with nanocarbon. For the modified adsorbent, the optimum temperature is 360 °C. In general, the results of the analysis of the vacuum residue composition after the demetallization and desulfurization process in the presence of a zeolite adsorbent containing vanadium oxide and nanocarbon showed that the recovery of vanadium and nickel averages 84-88 %.
Thus, the results of testing the process of demetallization and desulfurization of vacuum residue on modified adsorbents showed the possibility of extracting   84-87% of vanadium and nickel from tar, the degree of desulfurization was 37%.

4.4 Determination of the residual content of metals and sulfur in vacuum residue after testing the modified adsorbent
The residual content of metals and sulfur in the vacuum residue after testing the modified adsorbents was determined.
Studies on demetallization and desulfurization of vacuum residue were also arried out on adsorbents with modified mineral bases. Serpentinite rock, wollastonite, and kaolin clay were chosen as the mineral base of the adsorbents. To increase the recovery of metals and sulfur, the process of demetallization and desulfurization was carried out at relatively high temperatures.
Table 6 compares the degrees of demetallization and desulfurization of vacuum residue on the tested adsorbents. 

Table 6 – The degree of demetallization and desulfurization of vacuum residue on various adsorbents

	Adsorbent
	Desulfurization 
	Demetallization degree, %

	
	degree, %
	V
	Ni
	Fe

	Zeolite
	3,4
	39,9
	43,1
	-

	Zeolite modified with 1 % TiOSO4 and 1% V2O5
	
25,6
	
68,5
	
62,1
	
18,2

	Zeolite modified with 2 % V2O5 and 10% TiO2
	
-
	
35,5
	
40,5
	
37,3

	Zeolite modif. with 1 % V2O5
	30,9
	91,5
	71,6
	69,1

	Zeolite modified with V2O5 and nanocarbon
	
37,0
	
84,1
	
86,9
	
-

	Serpentine
	2,3
	14,8
	12,1
	6,1

	Zeolite with wollastonite and coke
	
39,6
	
80,6
	
83,7
	
78,8

	Kaolin clay with coke
	12,4
	94,5
	57,1
	81,8


As can be seen from the tabular data, the adsorbent based on zeolite, wollastonite and coke shows the highest degree of desulfurization – 39,6 %, while the degree of demetallization is 78-83 %. The adsorbent based on kaolin clay and coke showed the maximum degree of demetallization for vanadium – 94,5 %, iron – 81,8 %, however, the degree of desulfurization is 12,4 %.
Thus, to reduce the content of metals in the vacuum residue composition, it is recommended to heat adsorption treatment on kaolin clay with coke at a temperature of 400 °C for 4 hours, to reduce the sulfur content - thermal adsorption treatment on zeolite with wollastonite and coke at a temperature of 450 °C for       3 hours.








































5 Obtaining coke from demetallized and desulfurized vacuum residue and issue of practical recommendations (2020)

5.1 Carrying out coking of demetallized and desulfurized vacuum residue
Coking of demetallized and desulfurized vacuum residue was carried out. The yield of products during coking vacuum residue without and with preliminary demetallization and desulfurization in the presence of zeolite modified with vanadium (V) oxide xerogel is presented in Table 7. As can be seen from the table, the coke yield without preliminary demetallization and desulfurization was       18,9 wt.%, while while as a result of vacuum residue coking with preliminary demetallization and desulfurization, an increase in coke yield is observed. With an increase in the temperature and time of the demetallization and desulfurization process, the coke yield gradually increases by 2 times. Coke with a maximum yield of 34 wt. % is obtained by coking vacuum residue, demetallized and desulfurized at a temperature of 340 С for 3 hours.
As can be seen from the table, the yield of gaseous products and losses during coking of vacuum residue without pretreatment was 9,5 %, coking of vacuum residue after preliminary demetallization and desulfurization led to a slight increase in gas yield and losses up to 10-13,2 %. The yield of the gasoline fraction during vacuum residue coking with pretreatment at 320 °C for 3 hours increased   2 times to 16 wt. % compared to the yield of the gasoline fraction formed during vacuum residue coking, which was 7,5 wt. %. As a result of vacuum residue coking after demetallization and desulfurization, a decrease in the yield of coke distillate from 68 to 47-49 % is observed. 

Table 7 – Product yield during vacuum residue coking without and with preliminary demetallization and desulfurization

	
	Raw material yield, wt. %

	Name of raw materials
	gas and losses
	gasoline
	coke distillate
	coke

	Vacuum residue without pretreatment
	9,5
	7,5
	68,0
	18,9

	Vacuum residue after demetallization and desulfurization at 320 С for 2.5 h
	
10,0
	
12,0
	
56,0
	
22,0

	Vacuum residue after demetallization and desulfurization at 320 С for 3 h
	
11,0
	
16,0
	
49,0
	
24,0

	Vacuum residue after demetallization and desulfurization at 340 С for 2.5 h
	
13,2
	
6,8
	
49,0
	
31,0

	Vacuum residue after demetallization and desulfurization at 340 С for 3 h
	
11,0
	
7,0
	
47,0
	
34,0



Thus, coking of demetallized and desulfurized vacuum residue of Pavlodar petrochemical plant LLP was carried out at a temperature of 490-510 °C, the duration of the process is 8 hours. Experimental results of the vacuum residue coking process showed the effectiveness of the process with preliminary demetallization and desulfurization of raw materials. At the same time, as a result of coking, the yield of coke and gasoline fractions increases, and the yield of coke distillate decreases. Coke was obtained from vacuum residue after demetallization and desulfurization.

5.2 Determination of the physicochemical characteristics of coke and the content of sulfur and metals
The physicochemical characteristics of coke and the content of sulfur and metals were determined.
After carrying out the process of demetallization and desulfurization with various adsorbents at a temperature of 400 C for 3 hours, the vacuum residue coking process was carried out to obtain coke with improved physicochemical characteristics.
Table 8 shows the values ​​of the yield and physicochemical characteristics of coke obtained from vacuum residue without pretreatment and after demetallization using various adsorbents and process conditions. As can be seen from the table, the yield of coke from vacuum residue without pretreatment was 18,9 % and it is characterized by high values ​​of the mass fraction of total moisture 2,9 %, ash content 0.5 %, mass fraction of volatiles in the coke 7,9 %. In the composition of coke obtained from vacuum residue after demetallization with zeolite at 400 °C for 3 hours, the mass fraction of total moisture significantly decreases to 1,0 %, the mass fraction of volatile substances and ash content decreases slightly to 7,8 and 0,4 %, respectively. The coke yield rises to 27,0 %. When using zeolite modified with 1 % vanadium oxide xerogel as an adsorbent, the coke is characterized by a low mass fraction of total moisture of 1,1 %, the mass fraction of volatiles also decreases to 6,0 %, and the ash content is 0,25 %. The coke yield was the maximum 34,4 %.
The use of serpentine as an adsorbent for tar demetallization made it possible to obtain coke with low mass fraction of total moisture and volatile substances, but the ash content was 0,4 %. Demetallization of vacuum residue with an adsorbent based on wollastonite and further coking resulted in the formation of coke characterized by a high mass fraction of total moisture (2,3 %) and ash content  (0,6 %), while the coke yield decreased to 12,0 %. The modification of wollastonite with serpentine led to a decrease in the mass fraction of total moisture and ash content of coke, an increase in the yield of coke, but the mass fraction of volatiles increased to 8,3 %.
The coke obtained from vacuum residue after demetallization in the presence of kaolin clay has a yield of 32 %, the mass fraction of total moisture is 2,0 %, volatiles are 7,2 %, and the ash content is 0,4 %.
Of the coke samples presented in the table, the coke obtained from vacuum residue after preliminary demetallization with zeolite modified with vanadium (V) oxide xerogel has the most improved physicochemical characteristics. The coke sample meets the requirements of GOST 22898-78 in terms of basic physical and chemical parameters and the coke yield is 34,4%.
Thus, a thermal adsorption process of demetallization and desulfurization of vacuum residue of the Pavlodar petrochemical plant was carried out in the presence of various adsorbents and under various conditions. After preliminary demetallization and desulfurization, the vacuum residue coking process was carried out to obtain coke. Coke with improved physicochemical characteristics is obtained from vacuum residue after thermal adsorption treatment with zeolite modified with vanadium pentoxide xerogel, which showed the highest degree of demetallization. Subsequently, coke samples were analyzed to determine the content of metals and sulfur.

Table 8 – The yield and physicochemical characteristics of coke obtained from vacuum residue after demetallization with various adsorbents at 400 °C for 3 hours

	Raw materials for 
	Physicochemical characteristics of coke

	coke production
	Mass fraction of total moisture, %
	Mass fraction of volatile substances, %
	Ash content, %
	Output, %

	Vacuum residue without pretreatment
	2,9
	7,9
	0,5
	18,9

	Vacuum residue after demetallization with zeolite
	1,0
	7,8
	0,4
	27,0

	Vacuum residue after demetallization with zeolite modified with V2O5 xerogel 
	1,1
	6,0
	0,25
	34,4

	Vacuum residue after demetallization with serpentine
	1,4
	4,6
	0,45
	32,0

	Vacuum residue after demetallization with wollastonite 
	2,3
	5,7
	0,6
	12,0

	Vacuum residue after demetallization with wollastonite and serpentine 
	1,3
	8,3
	0,3
	23,2

	Vacuum residue after demetallization with kaolin clay 
	2,0
	7,2
	0,4
	32,0

	Requirements of GOST 22898-78
	no more than 3,0
	no more than 9,0
	no more than 0,6
	-



Table 9 shows the results of the analysis of coke samples to determine the content of metals and sulfur. In the composition of coke obtained from vacuum residue without pretreatment, the vanadium content is 0,031 %, which does not meet the requirements of GOST, according to which it should be no more than 0,015 %. The product of vacuum residue coking after demetallization with zeolite is characterized by an underestimated vanadium content, which was 0,019 %. Modification of the zeolite with vanadium oxide xerogel and carrying out demetallization in its presence led to a significant decrease in the amount of vanadium in the coke to 0,008 %. The use of natural minerals – wollastonite, serpentine and kaolin clay as adsorbents for the demetallization process also led to a decrease in the vanadium content in the coke composition, however, its value turned out to be higher than in the case of using zeolite modified with vanadium oxide.

Table 9 – Content of metals and sulfur in coke samples obtained from vacuum residue after demetallization with various adsorbents at 400 С for 3 hours

	Sample
	Content of elements, %

	
	Vanadium
	Nickel
	Iron
	Sulfur

	Vacuum residue
	0,054
	0,0058
	0,0033
	2,7

	Coke obtained from vacuum residue without pretreatment
	0,031
	0,0022
	0,0030
	2,5

	Coke from vacuum residue after demetallization with zeolite
	0,019
	0,0016
	0,0025
	1,87

	Coke from vacuum residue after demetallization with zeolite modified with V2O5 xerogel 
	0,008
	0,0014
	0,0011
	1,45

	Coke from vacuum residue after demetallization with wollastonite
	0,021
	0,0022
	0,0024
	2,14

	Coke from vacuum residue after demetallization with wollastonite and serpentine
	0,011
	0,0021
	0,0027
	2,44

	Coke from vacuum residue after demetallization with kaolin clay
	0,011
	0,0020
	0,0025
	2,34

	Requirements of GOST 22898-78
	no more than 0.015 %
	-
	no more 0.08 %
	no more than 1.5%



The nickel content in the coke samples also decreases compared to its content in vacuum residue, with its lowest value of 0,0014 % observed in the composition of coke obtained from vacuum residue after pretreatment with zeolite modified with vanadium pentoxide.
The iron content in the coke is insignificant 0,003 %, since its amount in the vacuum residue itself was only 0,0033 %. By the amount of iron, all coke samples meet the requirements of the standard for its value.
The vacuum residue coking after pre-treatment resulted in a decrease in the sulfur content in the coke samples. The lowest sulfur content of 1,45 % was observed in the composition of coke obtained from vacuum residue after demetallization and desulfurization with zeolite modified with vanadium oxide xerogel. The use of the zeolite itself and other natural minerals made it possible to reduce the sulfur content in the coke to 1,87-2,44% in comparison with its initial value in the vacuum residue composition of 2,7 %.
Table 10 shows the physicochemical parameters of coke samples obtained without preliminary treatment and with preliminary demetallization and desulfurization of vacuum residue at 400 °C for 3 hours in the presence of zeolite modified with vanadium (V) oxide. The indicators are compared with the requirements of the standard for certain grades of coke in accordance with GOST 228989-78. As can be seen from the table, in comparison with a sample of coke obtained without preliminary demetallization and desulfurization, coke obtained with preliminary demetallization and desulfurization is characterized with improved performance, namely, the mass fraction of volatiles and ash content decreases.

Table 10 – Physical and chemical characteristics of coke obtained from vacuum residue

	
Coke quality parameters
	KZA brand, first grade according to GOST 22898-78
	Coke from vacuum residue without preliminary demetallization
	Coke from vacuum residue with preliminary demetallization

	Mass fraction of volatile substances,%
	no more than 9,0
	7,9
	6,0

	Ash content,% 
	no more than 0,6
	0,5
	0,25

	Mass fraction of total moisture, wt. %
	no more than 3,0
	2,9
	1,1

	Mass fraction of sulfur,%
	no more than 1,5
	2,5
	1,45

	Mass fraction of impurities, %, 
vanadium
nickel
iron
	

no more than 0,015
not standardized
no more than 0,08
	

0,031
0,0022
0,0030
	

0,008
0,0014
0,0011



Figure 4 more clearly demonstrates the improvement in the physicochemical characteristics of coke obtained from vacuum residue after preliminary demetallization and desulfurization. As can be seen from the diagram, the mass fraction of volatile substances in coke in accordance with the requirements of the standard should be no more than 9,0 %. Both coke samples meet the requirements for this indicator, while the coke obtained from vacuum residue after processing is characterized by a lower volatile matter content of 6 %.
It can also be seen from the figure that coke samples in terms of ash content meet the requirements of the standard, i.e. no more than 0,6 %. Here, too, coke obtained from vacuum residue with pretreatment has a lower ash content (0,25 %) than coke from vacuum residue without treatment (0,5 %). The mass fraction of the total moisture of the coke sample obtained after the vacuum residue treatment is also lower (1,1 wt. %) than coke from vacuum residue (2,5 wt. %).


Figure 4 – Physical and chemical characteristics of coke

Figure 5 shows the sulfur content of coke samples compared to the standard requirement. In the original vacuum residue, the sulfur content was 2,7 %. As can be seen from the figure, the sulfur content in the coke obtained from vacuum residue without pretreatment is 2,5 %, which is much higher than that required by the standard (no more than 1,5 %). The sulfur content in coke from vacuum residue after preliminary demetallization and desulfurization is reduced to 1,45 %, which is in full compliance with regulatory requirements.
The content of metals in coke samples is shown in Figure 6. The mass fraction of vanadium in coke obtained from vacuum residue without pretreatment is 0,031 %, which is 2 times more than required by the standard (0,015 %). In the coke obtained from vacuum residue after preliminary demetallization and desulfurization, the vanadium content decreases by several orders of magnitude and is 0,0008 %, which confirms the improvement in the composition of the obtained coke. There are no regulatory requirements for the nickel content in the coke composition, however, as can be seen from the diagram, in the composition of coke from vacuum residue with preliminary treatment, its content also decreases by an order of magnitude and is 0,0014 %. According to the requirements of the standard, the mass fraction of iron in coke should be no more than 0,08 %. In both coke samples, the iron content meets the requirements of the standard and is 0,0011 and 0,0030 %. 


Figure 5 – Sulfur content in coke samples



Figure 6 – The content of metals in coke samples

The product of vacuum residue coking with preliminary demetallization and desulfurization by the adsorption method in terms of physical and chemical characteristics and the content of sulfur and metals meets the requirements of GOST 22898-78 for the KZA coke grade, first grade.
Thus, the main physicochemical characteristics and the content of sulfur and metals in the composition of the obtained coke samples have been determined. The coke obtained from vacuum residue after preliminary demetallization and desulfurization has better indicators in terms of mass fraction of volatiles, ash content, sulfur and metals content. According to the indicated indicators, the coke sample meets the requirements for the KZA coke grade, first grade.

5.3 Testing of disposal methods for spent chemical adsorbent
Methods for the disposal of spent chemical adsorbent were tested. When demetallization of vacuum residue in the presence of adsorbents in the oil feed, the processes of destruction of asphaltenes and resins and the release of light hydrocarbons occur (Table 11).

Table 11 – Material balance of the vacuum residue heat treatment process in the presence of adsorbents, depending on time

	Product yield, wt. %
	Heat treatment time, min

	
	30
	60
	90
	180

	Gas
	1,8
	3,65
	9,7
	14,1

	Liquid products, including:
distillates, n.a.-540 С
vacuum residue  540 С
	98,2
72,7
25,5
	96,3
70,4
25,9
	90,1
77,4
12,7
	84,6
70,8
13,8

	Coke
	-
	-
	0,1
	1,2

	Losses
	-
	0,05
	0,1
	0,1



The carryover of adsorbents with demetallized vacuum residue seems unlikely due to their high adsorption capacity (absorption of organometallic compounds and compaction of the contact mass) and low mobility under high-temperature conditions.
Also, in the process of demetallization of vacuum residue in the presence of adsorbents that have adsorption capacity in combination with catalytic activity, catalytic transformations of adsorbed substances into coke-like carbon products inevitably occur.
Waste chemical adsorbents after demetallization and desulfurization processes are a potential source of secondary raw materials containing heavy metals. A feature of these sorbents is the presence in them, in addition to the main components – vanadium, nickel, iron, other metals, which are contained in oil, and accumulate in the adsorbent during demetallization and desulfurization. The high vanadium content in oil leads to its accumulation in the sorbent in amounts up to 1 wt. %. The main ways of disposal of spent adsorbents are: disposal, conversion of toxic components into an inactive form, regeneration and reuse, separation into components to obtain individual V2O5, SiO2, Al2O3 and joint V2O5-SiO2, SiO2-Al2O3 compounds by pyro- and hydrometallurgical methods. Utilization of adsorbents is possible together with spent catalysts for catalytic cracking, hydrocracking, and Claus processes, for which hydrometallurgical methods are the most promising, providing their selective separation into main components in the form of high quality commercial products. Recycling such secondary raw materials will not only reduce environmental damage, but also return valuable components to the production cycle.
The existing methods of extracting vanadium, molybdenum and nickel from industrial waste involve the extraction of only one or two components, while most of the spent adsorbents contain, as a rule, compounds of all three metals simultaneously with a variable concentration of each of them. Methods for extracting vanadium, molybdenum and nickel compounds known in the world practice are based on their dissolution by acids and alkalis mainly in an oxidizing environment, since it is the compounds of the highest valence that have the highest solubility in aqueous solutions. Very often oxidation is carried out with solid oxidants or gases even before the leaching stage. Precipitation from solutions is carried out either by reagent methods in the form of sparingly soluble salts or by evaporation.
As a recommendation for the disposal of the spent adsorbent based on the data obtained, we propose a technological process based on alkaline treatment with an aqueous solution of ammonia. In this case, it is necessary to select the concentration depending on the content of metals in the recycled material. The estimated composition of the resulting waste is not hazardous and is taken to the landfill. Compounds of aluminum and silicon, aqueous solutions of vanadium and nickel after multiple dilution can be used as liquid fertilizer.
In practice, the regeneration of adsorbents based on zeolites is carried out by the method of thermal desorption, i.e. heated gas up to 300 С, which naturally leads to the accumulation of coke-generating particles and progressively reducing the adsorption capacity. With an increase in temperature for the complete removal of carbon deposits (over 500 С), the crystal structure of zeolites is destroyed, a decrease in temperature – the activity is not completely restored. This process of regeneration of spent zeolites is energy-intensive.
For the regeneration of the delayed coking unit of contact material used in the process of demetallization of the primary feedstock - chemical adsorbents of various compositions based on zeolite, modified with various additives, the following variant of their regeneration is proposed: extraction treatment in the presence of organic solvents: n-hexane, a mixture of light hydrocarbons from the primary atmospheric unit distillation of oil С5-С6. 
Figure 7 shows the IR spectra of an adsorbent based on zeolite modified with vanadium   pentoxide  xerogel.   The  absorption  bands  in  the  frequency  range 400-1300 cm-1 correspond to the main vibrations of the alumino-silicon tetrahedra of the framework structure of zeolites. The observed absorption bands are attributed to two types of vibrations: 1 – vibrations characterizing the primary structural units – TO4, where T – cations Si4+, A13+; 2 – vibrations of TO4 tetrahedra along external bonds. The second type of vibration depends on the nature of the joining of the tetrahedra into secondary structural units and the characteristics of the zeolite cavities.
The strong absorption band at 950-1250 cm-1 is due to the stretching vibrations of T-O. The next in intensity band at 400-500 cm-1 is assigned to bending vibrations (T-O4). The absorption band in the region of 1650 cm-1 was attributed to bending vibrations of water molecules. When testing and regenerating a sample of zeolite modified with vanadium oxide as an adsorbent, this band shifts to lower frequencies by 10-12 cm-1. The band at 3460-3490 cm-1 is due to the presence of a hydrogen-bonded state of hydroxyl groups. When testing the adsorbent, the band shifts to lower frequencies, which can be explained by the weakening of hydroxyl bonds. The band at 3650-3680 cm-1 is due to acidic OH groups. The absence of a shift is explained by the equal silicon content in all samples, the invariability of the Si/Al ratio.
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Figure 7 – IR spectra of adsorbents: 1 – in the initial state; 2 – spent (containing metals); 3 – regenerated
[bookmark: _Toc409196590]
According to the images, the spectrum of the adsorbent regenerated with organic solvents approaches the spectrum of the original adsorbent sample, which indicates the restoration of adsorption activity.
In general, the regeneration process is carried out after 8-10 months of operation and the theoretical degree of coking (the period of deactivation of adsorption centers) is within 10-15%. After the regeneration of zeolite adsorbents from carbon deposits using organic solvents, the period of their active use will significantly increase.
The metal concentrate obtained after the regeneration of adsorbents contains such rare metals as vanadium, nickel, iron, etc.
Among them, vanadium stands out, which is used as an alloying additive to steel (to obtain corrosion-resistant and heat-resistant alloys), in the production of special and titanium alloys for the aerospace industry, for the manufacture of a permanent magnet, in the ceramic, textile, glass and paint and varnish industries (in in particular, vanadium oxide as a persistent chemical pigment), in the production of lithium batteries and accumulators and in other chemical technologies.
Vanadium in steel increases its strength, elasticity, toughness and hardness. It also helps to increase its creep and form hard carbides, which are used to make high speed steel.
Vanadium alloys are widely used in jet engines, aircraft, and frames. Particularly popular are titanium alloys with vanadium content, as well as chromium-vanadium alloy.
For the disposal of by-products and wastes obtained in the process of demetallization, a method of hydrochemical extraction of metals from a spent contact material is recommended (the method is also applicable for the processing of spent catalysts).
The essence of the method is as follows: vanadium is extracted from by-products and waste by leaching with hot water, solutions of mineral acids or alkalis, or liquid extraction with organic solvents. The solid residue is returned for afterburning, and vanadium and accompanying nickel are precipitated from the solutions.

5.4 Issue of practical recommendations for the processes of demetallization, desulfurization and coking of heavy oil residues
The studies carried out on the development of a method for demetallization and desulfurization of heavy oil feedstock of a delayed coking unit (DCU) – vacuum residue, indicate a high demetallizing ability of the tested adsorbents.
The increased sorption properties of zeolites are explained, first of all, by the fact that there are several different types of crystal frameworks and by methods of controlled ion exchange, the structural features of the frameworks can be modified, for example, by adding vanadium oxide xerogels.
One of the reasons for the stabilizing effect of the matrix on the zeolite is the migration of cations. Vanadium cations tend to be evenly distributed between the zeolite and the matrix during high temperature processing. During high-temperature treatment, vanadium cations migrate from the zeolite component to the matrix, and a decrease in the content of vanadium cations increases the stability of the zeolite structure, which in turn provides a higher activity of zeolite-containing sorbents as compared to pure zeolite.
Laboratory studies of zeolite-containing sorbents modified with vanadium oxide xerogel showed high activity. The efficiency of the degree of demetallization for vanadium reaches more than 90 %, and for nickel about 70 %, the degree of desulfurization was 37 %. The data obtained confirm the feasibility of introducing the technology at ultrasonic inspection.
The demetallization technology on the developed sorbents is very flexible, and when introduced into the ultrasonic testing scheme, it allows one to vary the yield of products (fraction and commercial coke) in a wide range in order to increase the production of the most desirable of them. Varying the parameters of the demetallization process allows, along with changing the yield of target products, to effectively regulate their quality.
These performance indicators of the developed sorbents must be worked out, all other things being equal, along with technological units (DCU) at the PPCP.
Severe operating conditions of sorbents at ultrasonic testing – high temperatures, exposure to water vapor, metals, nitrogen and sulfur compounds, high mechanical loads – cause significant changes in the physicochemical and sorption properties, leading to a decrease in the yield and a possible deterioration in the quality of the target products.
Figure 8 shows a diagram of the implementation of the processes of demetallization, desulfurization and coking of heavy oil residues.
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Figure 8 – Scheme of implementation of the processes of demetallization, desulfurization and coking of heavy oil residues

The original oil feedstock (a mixture of West Siberian oils) is currently being processed in section 100, ELOU-AT (combined unit LK-6u). The process is carried out using physicochemical methods: desalting, dehydration, rectification, heat transfer.
This process is the primary oil refining and directly affects the secondary processes and the quality of the products obtained at the POCR.
Insufficient efficiency of the primary process of dehydration and desalination causes a number of the following problems in the refinery:
- silting up of electric dehydrators;
- reduction of the overhaul life of ELOU-AT units;
- burnout of furnace pipes at the ELOU-AT unit;
- deterioration of the properties of catalysts for secondary processes (catalytic cracking (section 200, KT-1), catalytic reforming (section-200, LK-6u), hydrotreating (section 300, LK-6u) and a promising demetallization unit of the USC);
- the formation of asphalt-resinous-paraffinic deposits on the walls of pipelines, tanks and electric dehydrators.
As an auxiliary purification of the initial petroleum feedstock and solving the above problems, it is proposed to develop a method for demetallization of the feedstock feedstock. Also the proposed method of demetallization will allow:
- to significantly improve the quality of the initial oil feedstock - to optimize the concentration of sulfur content, metal content (heavy metals), asphalt-resinous deposits, thereby reducing the load on individual oil processing plants;
- to increase the efficiency of the processing capacity of crude oil at all stages - to reduce the pressure at oil distillation units, reduce the consumption of electricity;
- to stabilize the operating mode of ELOU-AT units;
- to increase the time between overhaul runs of ELOU-AT units;
- to reduce the amount of wash water at the ELOU-AT units, thereby improving the environmental characteristics of the process - reducing salt deposits in the pipes of furnaces and heat exchangers (increasing the heat transfer coefficient, reducing the corrosion of the equipment of the ELOU-AT units by increasing the depth of the dehydration and desalting process);
- to increase the service life of catalysts for oil refining processes and to reduce the costs of regeneration, purchase and transportation;
- improve the quality characteristics of the products obtained.
Thus, the development of a method for demetallization of the initial petroleum feedstock, and research into the demetallization technology of ultrasonic testing can be used to solve problems related to the quality of petroleum feedstock and marketable products (including coke), optimize the production process and save energy at PPCP.
An integrated approach to the management of demetallization units (initial and secondary oil feedstock) will make it possible to achieve more than 90% efficiency in terms of demetallization degree.
The demetallization process will be accompanied by the formation of by-products and waste. 
Mainly, a by-product from the demetallization process will be a spent contact material - zeolite with vanadium oxide xerogel (metal concentrate).
The recommended method for processing the by-product is the hydrochemical extraction of metals such as vanadium, nickel, etc. (obtaining pure concentrates). Further, the recovered metals can be transferred on a contractual basis to enterprises in the metallurgical and chemical industries.
The recovery of metals from the by-product of demetallization will be accompanied by the formation of residual waste. The waste will not contain metals, but will consist mainly of asphalt-resinous substances.
In order to prevent pollution of the components of the natural environment, the accumulation and disposal of this waste will be carried out in accordance with the Environmental Code of the Republic of Kazakhstan and the current regulations of the Republic of Kazakhstan, international standards, as well as internal standards of the Petrochemical Plant.
Thus, it is proposed to neutralize the resulting waste after the processing of by-products by a microbiological method in the accumulators of solid waste at the PPCP.
Neutralized (treated) waste can be used for the economic purposes of PPCP:
- use instead of the excavated soil (volume reduction), for backfilling / backfilling of sites and roads;
- construction of new roads and sites;
- construction of embankments for waste accumulation sites.
If necessary, the cleaned soil can be used for other necessary own purposes of PNHZ.
The actions of PPCP are aimed at properly protecting and preserving the natural environment, in particular, the ecological conditions of the region and Pavlodar. Therefore, ways have been found to resolve issues related to the processing and disposal of by-products and wastes from the demetallization process, as well as spent catalysts from catalytic cracking (section 200, KT-1), catalytic reforming (section-200, LK-6u) and hydrotreating (section 300, LK-6u).
Thus, PPCP can guarantee that actions to save energy and improve the quality of crude oil, as well as to process heavy residual petroleum products, will cause a minimum impact on the environment.
In the short term, vanadium consumption in steel production will continue to grow, and its cyclical market will reflect the situation in this industry. In addition, the demand for vanadium in new areas of its use may increase. The base of the world's natural reserves of vanadium is sufficient to meet the demand for this metal in the 21st century.
Below are the preliminary technical and economic indicators for predicting the effectiveness of the expediency of investment, the anticipated development needs, the presence of a sales market in the development of technology for demetallization of oil residues, crude oil.
The content of vanadium in oil residues is comparable to the content of this metal in ores and opens up new prospects for extraction from oil.
So, for example, during the construction of a site on the territory of a petrochemical plant, to separate vanadium oxide from heavy oil residues with a capacity of 6000 t / day, 4 autoclaves with a volume of 400 m3 will be required.
The approximate total capital investments, taking into account additional equipment, amount to $ 2.6 million.
The estimated cost of production of 1 ton of vanadium oxide will be $ 6200.
The price of vanadium oxide on the market is $ 7,500, then the cost of selling marketable  products during the processing of 2,600 thousand tons of oil will be: 1290 x 7,500 = $ 9,675,000.0
The estimated economic effect will be:
9675000 - (1290 x 6200 + 0.15 x 2600000) = 1287000 $
The estimated payback period of capital investments will be:
2,600,000:1,287,000 = 2.02 years.
A more detailed and accurate calculation of economic efficiency, cost, total capital investments and other indicators can be given only at the stage of feasibility study of the installation of demetallization and processing of by-products.
These are only indicative economic indicators for the production of vanadium oxide.
Vanadium oxide is used:
- as a catalyst in gas-phase oxidation processes. For example, to convert sulfur dioxide to trioxide during the production of sulfuric acid;
- for the production of ink and pigments in the ceramic industry;
- as a filtration system in cars for cleaning from exhaust gas emissions.
The calculation does not take into account an increase in the yield of light hydrocarbon fractions and an improvement in the quality of crude oil.
Thus, practical recommendations were given for the processes of demetallization, desulfurization and coking of heavy oil residues. Published 1 article in a peer-reviewed publication indexed in the Web of Science or Scopus databases with a non-zero impact factor. A patent for a method for producing coke from heavy oil residues was obtained.




















CONCLUSION

The use of thermal adsorption processes for demetallization and desulfurization of heavy oil residues in the presence of adsorbents is a very necessary and promising direction in the development of oil refining. They make possible the non-residual and environmentally friendly processing of hydrocarbon raw materials into high-quality fuels, which makes it possible to achieve the depth of processing of hydrocarbons up to 98-100% at oil refineries.
The enrichment of hydrocarbon residues in these processes is carried out by thermal destructive transformations of hydrocarbons and heteroatomic compounds and by the adsorption of the resulting resins, asphaltenes and carbides, as well as metal-, sulfur- and organo-nitrogen compounds on the surface of adsorbents.
This technology of demetallization and desulfurization on modified adsorbents makes it possible to efficiently separate metals (vanadium, nickel and iron) and sulfur from the tar composition. The developed process of demetallization and desulfurization of raw materials by DCU LLP “PPCP” using tested adsorbents improves the quality parameters of tar and coke obtained from it.
During the implementation of the project, the following conclusions were obtained:
1. An enlarged laboratory unit for demetallization and desulfurization of heavy oil residues was manufactured. Installation of a unit for demetallization and desulfurization of heavy oil residues was carried out.
2. The optimal technological parameters of the tar demetallization and desulfurization process of Pavlodar Petrochemical Plant LLP in the presence of a zeolite adsorbent containing vanadium oxide xerogel were determined: temperature 350-400 С, pressure 1 atm, volumetric feed rate of raw materials       1 h-1, process time 3 hours.
3. As a result of the process, the degree of extraction of vanadium, nickel and iron was 90, 70 and 60 %, respectively, and the sulfur content decreased from 1,97 to 1,36 %. The composition of the chemical adsorbent for demetallization and desulfurization of tar has been determined. After the tar treatment, the content of vanadium, iron and sulfur in the adsorbent composition increases, which confirms its high adsorption capacity with respect to metals and sulfur.
4. The technological conditions for modifying the zeolite carrier with nanostructured compounds of rare metals have been optimized. The physicochemical properties and characteristics of modified adsorbents based on zeolite have been determined. Laboratory tests of the method for demetallization and desulfurization of tar on modified chemical adsorbents were carried out. The results of testing the process of demetallization and desulfurization of tar on modified adsorbents showed the possibility of extracting 84-87 % vanadium and nickel from tar, the degree of desulfurization was 37 %.
7. Determined the residual content of metals and sulfur in the tar after testing the modified adsorbents. To reduce the content of metals in the tar composition, thermal adsorption treatment  was carried out on kaolin clay with coke at a temperature of 400 °C for 4 hours, to reduce the sulfur content - thermal adsorption treatment on zeolite with wollastonite and coke at a temperature of 450 °C for       3 hours.
8. Coking of demetallized and desulfurized tar of Pavlodar petrochemical plant LLP was carried out at a temperature of 490-510 С, the duration of the process is 8 hours. Experimental results of the tar coking process showed the efficiency of the process with preliminary demetallization and desulfurization of raw materials. At the same time, as a result of coking, the yield of coke and gasoline fractions increases to 34 %, and the yield of coke distillate decreases. Coke was obtained from tar after demetallization and desulfurization.
9. The main physical and chemical characteristics and the content of sulfur and metals in the composition of the obtained coke samples have been determined. The coke obtained from tar after preliminary demetallization and desulfurization has better indicators in terms of the mass fraction of volatiles (6 %), ash content (0,25 %), sulfur content (1,45 %) and metals (0,008 % V; 0,0014 % Ni; 0,0011 % Fe). According to the indicated indicators, the coke sample meets the requirements for the KZA coke grade, first grade.
10. The method of utilization of the spent chemical adsorbent has been tested. A method has been developed for the disposal of a spent chemical adsorbent by alkaline treatment with an aqueous solution of ammonia. For the regeneration of chemical adsorbents, an extraction treatment in the presence of n-hexane is proposed.
11. Practical recommendations were given for the processes of demetallization, desulfurization and coking of heavy oil residues for introduction into the technological scheme of the Pavlodar petrochemical plant. For the production of coke with a low content of metals and sulfur, a technological scheme has been developed, including the process  of demetallization and desulfurization of tar at 340-400 С for 3 hours in the presence of zeolite modified with vanadium oxide xerogel, the process of coking tar at 490-510 С for 8 hours.
For 2018-2020, 16 publications were published, of which 4 articles in international journals indexed in the Web of Science or Scopus databases with a non-zero impact factor, 4 articles in republican journals from the List of Recommended Publications, 2 patents were received for the method of demetallization and obtaining coke from heavy oil residues.
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APPENDIX B
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These practical recommendations will be used during practical classes on the discipline “Chemistry of Oil and Gas” taught at the Faculty of Energy and Oil and Gas Industry of the Kazakh-British Technical University.
The figure shows a diagram of the implementation of the processes of demetallization, desulfurization and coking of heavy oil residues.
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Figure – Scheme of implementation of the processes of demetallization, desulfurization and coking of heavy oil residues

Laboratory studies of zeolite-containing sorbents modified with vanadium oxide xerogel showed high activity. The efficiency of the degree of demetallization for vanadium reaches more than 90 %, and for nickel about 70 %, the degree of desulfurization was 37 %. The data obtained confirm the feasibility of introducing the technology at the delayed coking units of Pavlodar Petrochemical Plant LLP.
The initial raw material of the delayed coking unit – tar is preliminarily subjected to the process of demetallization and desulfurization in the temperature range from 340 to 400 С for 3 hours at atmospheric pressure and the volumetric feed rate of 1 h-1. The adsorbent of the process is a zeolite modified with 1 % vanadium (V) oxide xerogel.
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Appendix 1.12

TECHNICAL SPECIFICATIONS AND
CALENDAR WORK PLAN

Under contract No. 97 dated March 05, 2018

1 RSE on RK “Institute of Combustion Problems” KN MES RK

1.1 By priority: 1 Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures
1.2 By sub-priority: 1.7 Complex processing of hydrocarbon raw materials; applied research
1.3 On the subject of the project: No. AP05130830 “Development of technology for demetallization and desulfurization of heavy oil residues with coke production”
1.4 The total amount of the project is 24 160 000 (twenty four million one hundred sixty thousand) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:
- for 2018 – in the amount of 8,000,000 (eight million) tenge;
- for 2019 – in the amount of 8,072,000 (eight million seventy-two thousand) tenge;
- for 2020 – in the amount of 8,088,000 (eight million eighty-eight thousand) tenge.

2 Characteristics of scientific and technical products by qualification characteristics and economic indicators

2.1 Direction of work: demetallization and desulfurization of heavy oil residues.
2.2 Application: oil and gas sector and chemical industry
2.3 End result:
- for 2018: Optimal technological parameters of the process of demetallization and desulfurization of heavy oil residues;
- for 2019: Optimal composition and characteristics of the chemical adsorbent;
- for 2020: Practical recommendations for obtaining coke and improving the composition of vacuum residue and adsorbent.
Over the entire period of the project, at least 2 (two) articles will be published in peer-reviewed foreign scientific journals indexed in the Web of Science or Scopus databases with a non-zero impact factor, at least 2 (two) publications in peer-reviewed foreign and domestic scientific journals with non-zero impact factor. The title of protection will be received.
2.4 Patentability: Protectable
2.5 Scientific and technical level (novelty): improved technology for demetallization and desulfurization of heavy oil residues.
2.6 The use of scientific and technical products is carried out: by the contractor.
2.7 Type of use of the result of scientific and (or) scientific and technical activities: the use of technology for demetallization and desulfurization of heavy oil residues to produce coke.


3 Name of work, terms of their implementation and results

	Task code, stage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	Expected Result

	
	
	Start
	ending
	

	1
	Optimization of the main technological parameters of the process of demetallization and desulfurization of heavy oil residues
	January2018
	1st of November 2018
	The main technological parameters of the process of demetallization and desulfurization of heavy oil residues will be optimized.
The optimal parameters of the demetallization and desulfurization process will be determined

	1.1
	Manufacturing of a laboratory installation for demetallization and desulfurization of heavy oil residues
	January2018
	March
2018
	A laboratory unit for demetallization and desulfurization of heavy oil residues will be manufactured

	1.2
	Installation of a laboratory installation for demetallization and desulfurization of heavy oil residues
	April 2018
	June
2018
	Works on installation of a laboratory installation for demetallization and desulfurization of heavy oil residues will be carried out.
A laboratory installation for demetallization and desulfurization will be assembled

	1.3
	Establishment of optimal technological parameters for the process of demetallization and desulfurization of heavy oil residues: temperature, pressure, volumetric feed rate
	July 2018
	September 2018
	Optimal technological parameters for demetallization and desulfurization of heavy oil residues will be established: temperature, pressure, volumetric feed rate.
Optimal operating modes of the unit for demetallization and desulfurization of heavy oil residues will be determined

	1.4
	Determination of the optimal composition of the chemical adsorbent for demetallization and desulfurization of vacuum residue
	October2018
	1st of November2018
	The optimal composition of the chemical adsorbent for demetallization and desulfurization of vacuum residue will be determined.
The optimal composition of the chemical adsorbent will be determined.
1 article will be published in a peer-reviewed foreign or domestic scientific publication with a nonzero impact factor

	2
	Demetallization and desulfurization of heavy oil residues on a modified chemical adsorbent
	January2019
	1st of November
2019
	Work will be carried out on demetallization and desulfurization of heavy oil residues on a modified chemical adsorbent
The optimal composition and characteristics of the chemical adsorbent will be determined

	2.1
	Optimization of technological conditions for modifying a zeolite support with nanostructured compounds of rare metals
	January2019
	March
2019
	Technological conditions for modifying the zeolite support with nanostructured compounds of rare metals will be optimized
The composition of the adsorbent will be modified and improved

	2.2
	Determination of the physicochemical properties of the modified adsorbent
	April 2019
	June
2019
	The physicochemical properties of the modified adsorbent will be determined.
The physicochemical characteristics of the adsorbent will be determined.

	2.3
	Laboratory testing of the vacuum residue demetallization and desulfurization method on a modified chemical adsorbent  
	July 2019
	September 2019
	Laboratory tests of the vacuum residue demetallization and desulfurization method on a modified chemical adsorbent will be carried out.
Modified chemical adsorbent will be tested

	2.4
	Determination of the residual content of metals and sulfur in vacuum residue after testing the modified adsorbent
	October2019
	1st of November2019
	The residual content of metals and sulfur in the vacuum residue after testing the modified adsorbent will be determined.
The content of metals and sulfur in the vacuum residue after testing the modified adsorbent will be determined.
1 article will be published in a peer-reviewed foreign or domestic scientific journal with a non-zero impact factor and 1 article in a peer-reviewed scientific journal indexed in the Web of Science or Scopus databases with a non-zero impact factor.
A patent application will be filed.

	3.
	Obtaining coke from demetallized and desulfurized vacuum residue and issuing practical recommendations
	January2020
	1st of November 2020
	Coke will be obtained from demetallized and  desulfurized  vacuum residue and practical recommendations will be given.
Practical recommendations for the production of coke and improvement of the vacuum residue and adsorbent composition will be developed

	3.1
	Carrying out coking of demetallized and desulfurized vacuum residue
	January2020
	March
2020
	Coking of demetallized and desulfurized vacuum residue will be carried out
Coke will be obtained from vacuum residue after demetallization and desulfurization

	3.2
	Determination of the physicochemical characteristics of coke and the content of sulfur and metals
	April 2020
	June
2020
	Physical and chemical characteristics of coke and sulfur and metal content will be determined

	3.3
	Testing of methods for disposal of spent chemical adsorbent
	July 2020
	September 2020
	Methods for the disposal of the spent chemical adsorbent will be tested.
A method for disposal of waste adsorbent will be developed

	3.4
	Issuance of practical recommendations for the processes of demetallization, desulfurization and coking of heavy oil residues
	October2020
	1st of November2020
	Practical recommendations for the processes of demetallization, desulfurization and coking of heavy oil residues will be issued.
The technological parameters of the demetallization, desulfurization and coking processes will be determined.
1 article will be published in a peer-reviewed peer-reviewed scientific journal, indexed in the Web of Science or Scopus databases with a non-zero impact factor.
A patent will be obtained.




	From the Customer:
Chairman of the State Institution
"Science Committee of the
Ministry of Education and Science
of the Republic of Kazakhstan"

	
From the Contractor:
General Director of the RSE on RK "Institute of Combustion Problems" of the KN MES RK


	
________________ Abdrasilov B.S.

	
________________ Mansurov Z.А. 




	
	Familiarized with:
Scientific supervisor of the project

___________________ Ongarbayev Y.К.
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KZA brand, first grade	Mass fraction of volatile substances,%	Ash content, % 	Mass fraction of total moisture, mass %	9	0.6	3	Coke from vacuum residue without teatment	Mass fraction of volatile substances,%	Ash content, % 	Mass fraction of total moisture, mass %	7.9	0.5	2.9	Coke from vacuum residue with treatment	Mass fraction of volatile substances,%	Ash content, % 	Mass fraction of total moisture, mass %	6	0.25	1.1000000000000001	KZA brand, first grade	Mass fraction of sulfur, %	1.5	Coke from vacuum residue without treatment	Mass fraction of sulfur, %	2.5	Coke from vacuum residue with treatment	Mass fraction of sulfur, %	1.45	KZA brand, first grade	Mass fraction of vanadium, %	Mass fraction of nickel, %	Mass fraction of iron, %	1.4999999999999999E-2	0.08	Coke from vacuum residue without treatment	Mass fraction of vanadium, %	Mass fraction of nickel, %	Mass fraction of iron, %	3.1E-2	2.2000000000000001E-3	3.0000000000000001E-3	Coke from vacuum residue with treatment	Mass fraction of vanadium, %	Mass fraction of nickel, %	Mass fraction of iron, %	8.0000000000000004E-4	1.4E-3	1.1000000000000001E-3	
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TEXHUYECKAS CIEHUOUKALIMA 1
KAJIEHJAPHBIU IIVIAH PABOT

Ilo morosopy Ne_ 2% or 04 wwepns. 2018 roma

1 PI'II na ITXB «MucTaTyT npo6Jem ropeausi» KH MOH PK

1.1 Tlo npuopurery: 1 PanmoHanbHOE HCNONB30BAaHHE INPHPOMHBIX, B TOM YHCJIE BOJHBIX
PECYpCOB, Ieosorus, nepepaboTKa, HOBBIE MaTepPUANbl M TEXHOJOTHH, Ge30macHble H3JeIUs H
KOHCTPYKI[HH

1.2 TTo noanmpuopurery: 1.7 KommmiekcHas nepepaGoTka yrieBoJOPOIHOTO ChIPhs; IPHKIIAIHbIE
HCCJICI0BaAHU A

1.3 Ilo teme mpoekra: Ne AP05130830 «Pa3paGoTka TEXHOJOTMM JeMETaUIH3alHH H
obeccepuBaHHs TKEIBIX HE(TSIHBIX OCTATKOB C IIOJTyYeHHEM KOKCa»

1.4 O6mas cymma mpoekta 24 160 000 (qBaguaTh 4eThIpe MUUTHOHA CTO IIECTHAECCAT THICTY)
TEHTre, B TOM YHCJIe ¢ pa3OHBKO 110 ToaM, VIS BBINIOJIHEHHS paboT COIIAcHO IIyHKTY 3:

- Ha 2018 rox — B cymme 8 000 000 (BoceMb MUILUTMOHOB) TEHTE;

- Ha 2019 rox — B cymme 8 072 000 (BoceMb MUJUTMOHOB CEMBJIECAT /ABE THICSYH) TEHTE;

- Ha 2020 rox — B cymme 8 088 000 (BoceMb MUIUTHOHOB BOCEMBECAT BOCEMb THICSY) TEHTE.

2 XapakTepHCcTHKA HAYYHO-TeXHHYECKOH NMPOIyKIHH 110 KBaJllHl)ﬂKallHOHHHM
TNPH3HAKAM H JKOHOMHYECKHE NMOKa3aTe/JIH

2.1 Hanpasiienue paGoTsl: AeMeTaiu3anus U 00eccepuBaHue TSHKENIBIX HEQTSIHBIX OCTATKOB.

2.2 O6nacTh MpUMEHEeHHs: HeyTera3soBbli CEKTOP ¥ XUMHYECKask TPOMBIILIEHHOCTh

2.3 KoHeuHbli pe3ynbTaT:

- 3a 2018 rox: OnTUMabHBIE TEXHOJOTHYECKHE MapaMeTphI IIpolecca JAeMeTaIH3aluy U
obecceprBaHus THKEIBIX HEPTIHBIX OCTATKOB;

-3a 2019 rox: OnTUMaNBHBIH COCTAB M XapaKTEPUCTHKU XUMHYECKOr0 acopOenTa;

- 3a 2020 rox: ITpakThyeckne peKOMEHIAIMH T10 TONYYEHHIO KOKCA M YJIY4YNIEHHs COCTaBa
Ty/poHa H ajacopbeHTa.

3a Bech NEPHOJ BBINOJNHEHUs MpoekTa OyayT omyGiaMKoBaHBI He MeHee 2 (1ByX) cTareil B
PpeLeH3upyeMbIX 3apyGe)KHbIX HAYYHbIX H3IaHUSX, HHIEKCHpyeMbIX B 6asax nanubsix Web of Science
Ui Scopus ¢ HEHYJIEBBIM HMIAKT-(akTopoM, He MeHee 2 (1ByX) MyOnaMKaluil B peleH3UpyeMbIX
3apyOeXHBIX ¥ OTEUECTBEHHBIX HayUHBIX H3/IaHHSX C HeHYJIEBBIM HMIIAKT-(pakTopoM. Byner monyyen
OXPaHHBIH JJOKyMEHT.

2.4 T1aTeHTOCTIOCOOHOCTh: OXpaHOCTIOCOOHa

2.5 HayyHO-TeXHHYECKHHi ypOBEHb (HOBH3HA): YCOBEPIICHCTBOBAHHAs  TEXHOJOTHUS
JIeMETaJLTH3alMH K 00eCCePUBAHHUS TSHKENBIX HEQTAHBIX OCTATKOB.

2.6 Vcrionp3oBaHne HayqHO-TEXHHIECKON IIPOTYKIMH OCYIIECTBIIACTCS: HCIIOTHHATENIEM.

2.7 Bua MCTIONB30BaHHSA pe3yJbTaTa HAyYHOH M (MJIHM) HAyYHO-TEXHHYECKOH IEATENbHOCTH:
HUCIIOJIb30BAHUE TEXHOJIOTUH JAeMETAJIA3allUHd U OGCCCEPHBBHHﬂ TSKEJIBIX He(l)TﬂHh]X OCTaTKOB IJIA
TIOJIy4EHHUS KOKca.
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3 HanmenoBanue padoT, CPOKH HX PeaTH3AIHN H Pe3y/IbTaThI

[udp | Haumenosanue paGot no Jloroopy | Cpok BhINONHEHHs Oxnaaemplit pe3ynbTaT
3a7aHus, ¥ OCHOBHBIE STarlbl €ro
sTana BbITOJIHEHHUS HEHBNO | OKOHHAHNE:

1 OnTUMH3aLMs OCHOBHBIX TEXHOJO- |sHBaph | | HOAGps | ByayT ONTMMH3MPOBAaHbI OCHOBHBIE
ruyeckux napametpoB mpouecca 2018 . | 2018 r. |TexHonmoruueckue napameTphbl
JIeMeTalIn3allu M obeccepuBaHms npouecca  JAEMETAaUIM3aLMM M
TSKENBIX HepTAHBIX OCTaTKOB obecceprBaHms THKENbIX HEPTAHBIX

OCTaTKOB.

Byayr onpezeneHsl ONTHUMajbHbIE
napaMeTpbl Mpouecca JeMeTasiu-
3auMu ¥ obeccepuBaHus

1.1 Hsrorosnenue naGopaTopHoii | sHBaph mapr |Byaer wusroroeneHa naGopatopHas
ycTaHOBKM  jaemeramnmsauun 1 |2018 .| 2018 r. |ycraHoBKAa  JeMeTaiM3aLMK u
obecceprBaHUs THKEIBIX HEPTAHBIX obecceprBaHms THKENbIX HEPTAHBIX
OCTaTKOB 0CTaTKOB

1.2 |Monrax naGopaTopHOii ycTaHOBKH | anpenb | WioHb | Bymyr mnpoBeneHsl  paGoter  mo
nemeranniuzaunn M oGeccepusanus | 2018 .| 2018 r. | MoHTax<y 1aGOpaTOpHON YCTaHOBKH
TSKEJBIX HETAHBIX OCTATKOB JemMeTtaiu3auul U obeccepuBaHus

TSOKEJABIX  HETAHBIX  OCTAaTKOB.
Byner cobGpana  naGopaTopHas
YCTAaHOBKA  JEMETAIH3ALMH M
obecceprBaHuUs

1.3 | Ycranosnenue ONTHUMabHBIX | HIONb | CeHTAOph |ByayT ycTaHOBieHBI OnTMMAasbHbIE
TEXHOJIOMHYECKUX napamerpos | 2018 r. | 2018 r. |TexHonoruueckne napameTpsl
npouecca  JAeMeTaUIM3alMKM M npouecca  JAeMeTa/ulM3aLMH M
obeccepHBaHUs TAKENBIX HEPTAHBIX obecceprBaHus TSKEIBIX HEQTAHBIX
OCTAaTKOB: TEMIEpaTypa, JaBjeHHE, OCTAaTKOB: TEMIEpaTypa, JaBjeHHE,
0ObeMHasi CKOPOCTb MOJIAYH ChIPbsl 00beMHas CKOPOCTb MOJIAYH ChIpbsi

Byayt onpeieneHsl OnTHUManbHbIE
PEKUMBI paGoThl YCTaHOBKH
JleMeTaIM3alnn U obeccepruBaHus
TSDKEJIbIX HeTAHBIX OCTATKOB

1.4 | YcraHoBnenue ONTUMAaNBLHOrO |OKTAOPh| 1 HOsGPs |Byner ycraHoBieH ONTUMAIbHBIA
cocTaBa XumHyeckoro aacopbenra|2018r.| 2018r. |coctas XMMHYECKOro azicopbeHTa
MU eMeTau3auuu 1o obeccepu- JUIs ileMeTalnn3aliml uo obeccepH-
BaHMs TyJpoHa BaHHs TyJIpOHa

Byner omnpeneneH ONTUMabHbIH
coCTaB XMMHYECKOro aJcopGeHTa.
Byner ony6Gnukosana 1 cTates B
peLieH3pyeMoM  3apy0exHOM WK
OTEYECTBEHHOM Hay4HOM H3/1aHHHM C
HEHYJICBBIM UMMaKT-HakTopoM

2 Jlemerannusauus 1 obeccepuBanue |iHBapb | 1 HosiOpst |Byayt mpoBeneHsl paGotel Mo
TaKenbIX HedTAHBIX ocTaTkoB Ha [2019T.| 2019r. |nemeramiusaumio M obeccepuBa-
MOAH(HUMPOBAHHOM ~XHMHYECKOM HHIO TSDKENbIX HE(TAHBIX OCTAaTKOB
ancopbenTe Ha MOAM(HUIMPOBAHHOM XHUMHYeE-

cKoM ajicopbeHTe

Byayr omnpeaeneHbl ONTHUMAasbHbIH
cocTap " XapaKTEePUCTUKH
XHUMH4ECKOro ancopbenra
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2.1 |OntumusauMs  TEXHOJIOrMYECKHX | AHBaph | MaprT | Byayr onTuMusnpoBaHbl — TeXHO-
YCIIOBHIA moauduumposanus | 2019 .| 2019 1. |norudeckue ycnoBus Moauuuu-
LIEOIUTHOTO HOCHTENsl HAaHOCTPYK- pOBaHHMsi  LICOJIMTHOIO  HOCHTENs
TYPUPOBAHHBIMH COEZIMHEHHAMH HaHOCTPYKTYPHUPOBAHHBIMH  COEH-
PEKMX METaIOB HEHHAMH PEJIKUX METaJlJIoB

Byaer MoanduLUMPOBaH U yy4lIeH
cocras agcopbeHTa

2.2 |Onpegenenue (U3MKO-XMUMHUYECKHX | anpesib |  HIOHb | Byayr  onpezesnes ¢usuko-
CBOWCTB moauduumposansoro | 2019 r. | 2019r. |xuMuyeckne CBOHCTBa MOAMGHIIM-
ancopbenTa pOBaHHOTO ancopbeHTa.

Bynyr  onpeneneHsl  ¢usmko-
XMMHYECKHE XapaKTePUCTHKH
afcopbeHTa.

23 |TlposeneHue 1aGOpPaTOpHBIX HMCINbI-| MiONb | CeHTAGPL |Byayr mnpoBenensl naGopaTopHbie
TaHuii crocoba aemeranmnuzaumu | 2019r.| 2019r. |ucnbitaHus crnocoba  AeMeTaiu-
obecceprBaHus rypoHa Ha 3auMK 1 00eccepUBaHus IypoHa Ha
MOAM(ULMPOBAHHOM ~ XMMHUYECKOM MOAMGULHMPOBAHHOM  XMMHYECKOM
ajicopGeHTe ancopbenTe

Byger wucnbitaH  MoauguumMpo-
BaHHBIA XMMHUYECKHI a1copOeHT

2.4 | Onpenenenne OCTAaTOYHOrO cojep- [OKTAOPs| 1 HOAGps |Byner —onpeaeneHsl  OCTaTOYHbIE
JKaHWUs META/UIOB U cepbl B ryapoHe | 2019 .| 2019 r. |coaepxaHus MeTalioB W Cepbl B
nocjie  MCTbITaHUA  MOAMGBHULKMpPO- rypoHe nocnie HCTIbITaHHUS
BAaHHOTO aJcopbeHTa MoAn(HMLMPOBAHHOTO aacopGenTa

Byayr onpeleneHbl  COAEp)KaHHs
METaJIOB U CEPhl B TyJPOHE MOCIE
HCTIBITAHUS  MOJM(HULIMPOBAHHOTO
ajacopbeHTa.

Bynyr omyGnukosana 1 ctaTes B
peLeH3upyeMoM  3apyGexHOM  HiIH
OTEYECTBEHHOM Hay4HOM M3[1aHHH ¢
HeHyJIeBbIM MMIakT-dakTopom H 1
CTaThsi B PELEH3UPYEMOM HayuyHOM
M31aHUH, MHIEKCHpyeMoM B Gasax
nanneix Web of Science unu Scopus
C HEHYJIEBBIM HMMAKT-(aKTOpOM.
Byzer nojaHa 3asBKa Ha MaTeHT.

3 [MonyyeHne KoKea U3 AeMeTalIn3K- | sHBapb | 1 Hoabpa | Byxer noJTyueH KOKC u3
POBaHHOTO " obGeccepentoro (2020 r. | 2020 r. | aeMeTalNIM3MPOBAHHOIO "
ryApoHa M Bblaya MPaKTHYECKHX obeccepeHHOro ryapoHa u Gymyt
peKOMeHIaLMH BbIAAHBl PAKTHYECKHE PEKOMEH-

JaLHH.

Byayt pa3paGoTaHbl npakTH4eCKHe
PeKOMEHIALMH 10 TMOJYYEHHIO
KOKca W YJydlleHMs  COCTaBa
ryapoHa u aacopbenra

3.1 |IIposenenue KOKCOBaHHs | AHBApb mapr |ByayT  mpoBeieHbl  KOKCOBaHMs
JIeMeTaJIM3MPOBAHHOTO n|2020r.| 2020r. |#EMETaIM3UPOBAHHOIO "
06eCccepeHHOro ryipoHa 06eccepeHHOro ryipoHa

Byzer mosiydeH KOKC M3 TyJApoHa
nocie JlemMeTajln3alu1 "
obeccepuBaHUs
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3.2 |Onpenenenue (U3MKO-XUMHYECKHX | ampesib | HioHb | Bynyr  onpemenensr  dusuko-
XapaKTepUCTHK KoKca i copepkanus | 2020 r. | 2020 r. | XMMHMYECKHE XapaKTEPUCTHKH KOKca
Cepbl U METaJLIOB ¥ COJIePIKAHHS CEePEl U METAJIIOB
3.3 |Hcmbltanue crnocoGoB yTHIM3aLMK | MIONb | CeHTAOph | BymyT HCITBITAHbI CrocoGk!
oTpaboTaHHOro xumuueckoro [ 2020 r. | 2020 r. | yTHiM3aLuu 0TpaboTaHHOro
afcopbeHTa XHMHYECKOro aJcopOeHTa.
Byner paspaGortan crnocoG yTuiH-
3aLMK 0TPabOTaHHOrO afcopOeHTa
3.4 |Beiaua MpaKTHYECKMX PEKOMEH- |OKTAOpb| 1 HOsOps |Byayr — BelIaHel  npakTHYECKHe
Jlaumit npouecco aemeramnusauuy, [ 2020 r. | 2020 . | pekoMeHAaUMK MPOLIECCOB

06CCCCPHBaHHﬂ " KOKCOBaHMUSA
TAXKEJIBIX HCClJTﬂHbIX OCTaTKOB

JieMeTalIN3aluy, 00ecCeprBatus 1
KOKCOBAHHSI  TSKEMBIX HEDTAHBIX
OCTATKOB.

ByayT ompeneneHsl TEXHONOTHYE-
cKHe napameTpbl TIpOLIECCOB
JieMeTaJlIn3aluy, 06eccepuBaHus 1
KOKCOBAHHSI.

Bymer omyGnnkoBaHa | craThd B
PELICH3MPYEMOM HayqHOM W3/IaHHH,
MHEKCHpyeMoM B 0a3aX JaHHBIX
Web of Science unm Scopus ¢
HEHyJIEBBIM UMIAKT-(QaKTopoM.
Byner nonyyen nateHt

Or 3akazunka:
Ipencenarens I'Y «Komurer Hayku
MuHucTepcTBa 00pa30BaHuUs U HAyKH

Pecrybnnku Kasaxcran»

Abnpacunos B.C.

Ot Wcnonuurens:
Tenepanpuslii qupekrop PI'TI na I[TXB

gpo6em ropenns» KH MOH PK

O3HaKOMJIEH:
Hay4Hb1it pyKOBOIUTENb IPOEKTA

g
(oanuce)

Onrap6aes E.K.
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