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Abstract. The catalytic reforming process is designed to increase the detonation resistance of gasolines and to obtain individual aromatic hydrocarbons, mainly benzene, toluene, xylenes - petrochemical feedstocks. It is important to obtain a cheap hydrogen-containing gas in the process for use in other hydrocatalytic processes. The importance of catalytic reforming processes in oil refining increased significantly in the 1990s. due to the need to produce unleaded high-octane gasoline.
INTRODUCTION
Catalytic reforming is a process of converting low-octane gasolines in order to increase their octane number or obtain aromatic hydrocarbons for chemical processing.
To obtain high-octane gasoline, a fraction of 80-180° C is used as a raw material. As a result of catalytic reforming, gasoline with an octane rating of 80-85 is obtained. To obtain aromatic hydrocarbons, narrow fractions are used: 60-85° C - for benzene; 85-110° C - toluene; 110-140° C - xylenes. 
The processes of catalytic reforming are subdivided [1-280; 2-24]:
- for processes with catalysts based on metal oxides. These are hydroforming processes. Hydroforming catalysts are oxides of molybdenum, chromium, cobalt. Temperature 480-540° C, hydrogen pressure 1-2 MPa; currently not used;
- processes using catalysts containing platinum. These are platforming processes. Platforming catalysts consist of platinum (usually 0.3-0.6 wt.%) Supported on γ-alumina, which is activated by HCl or HF in order to increase its acidic activity (Cl or F content of 0.5-1%). In addition to aluminum oxide, amorphous aluminosilicates and zeolites are used as carriers. The temperature of platforming processes is 470-540° C, the hydrogen pressure is 2.5-5 MPa. 
Recently, more efficient platinum-rhenium catalysts have become widespread, with the use of which it is possible to reduce the hydrogen pressure to 1-1.5 MPa, and to increase the yield and quality of gasoline. Rhenium prevents recrystallization (enlargement of particles) of platinum on the surface of the support, due to which a high number of platinum active centers is retained for a long time. 
EXPERIMENTAL RESEARCH

Hydroforming was one of the earliest catalytic reforming processes. At present, it has lost its significance due to the low activity of oxide catalysts in comparison with platinum ones and gave way to platforming. Platforming catalysts (especially platinum-rhenium) work continuously for a long time without reactivation (1-2 years). This is due to the fact that in the presence of platinum under hydrogen pressure, unsaturated hydrocarbons are hydrogenated, which prevents their compaction and the formation of "coke", which reduces the activity of the catalyst. The catalyst is reactivated by passing air diluted with flue gases (oxygen content up to 2%) through it at 300-450° C and 1-2 MPa. Reactivation is also carried out by treatment with hydrogen. The total life of the catalyst is several years. Nitrogen and sulfur compounds, as well as impurities in raw materials of arsenic and lead, have a significant effect on the duration of platforming catalysts [3-49]. 
Nitrogen compounds inhibit the activity of acid sites. Sulfur compounds cause reversible poisoning of platinum (activity is restored after reactivation), and arsenic and lead poison it irreversibly. Therefore, the platforming raw material should contain no more than 0.002 wt. % sulfur, 0.5 x 10-4 wt. % nitrogen and must be completely free of arsenic and lead. This is achieved by hydrotreating the feedstock in a hydrotreating reactor containing an aluminum-cobalt-molybdenum catalyst or an aluminum-nickel-molybdenum catalyst.
RESEARCH RESULTS
The main reactions occurring during platforming. Platforming catalysts are bifunctional, since they contain two types of active sites: acidic active sites of the support (hereinafter we will conventionally denote H +) and metal active sites (platinum atoms). It was also shown that platinum cations are located on the surface of alumina-platyzers [4]:


FIGURE 1. Schematic representation of a platinum oxychloride complex with a central Pt atom coordinated by oxygen ligands and one chlorine ligand 

In the process of platforming at these active sites, hydrocarbons of the petroleum fraction undergo deep transformations. This is evidenced by the data on the group composition of raw materials (straight-run gasoline) and the product of its transformation during platforming (Table.1.). From table. 1. it can be seen that in the process of platforming, mainly the transformation of alkanes and naphthenes occurs, as a result of which the content of aromatic hydrocarbons and isoalkanes increases, which, accordingly, leads to an increase in the octane number of the platformate [5-144].

TABLE 1. Composition of raw materials and platforming products.
	Hydrocarbons
	Contents, mass. %

	
	in raw materials
	in platforming product

	Aromatic
	10
	50

	Naphthenic
	40
	4

	Isoparaffins
	15
	28

	n-alkanes
	35
	18





FIGURE 2. Catalytic reforming reaction scheme illustrating the dehydrocyclization and aromatization of n-paraffins into aromatic hydrocarbons (benzene derivatives) with concurrent hydrogen production.

Isomerization takes place at acid sites (possibly on platinum ions), and hydrogenolysis at platinum sites [6-23]:



FIGURE 3. Isomerization reaction of n-alkyl substituents to branched isomers, demonstrating the reversible conversion between n-propyl and isopropyl groups (R–CH₂–CH₂–CH₃ ⇌ R–CH(CH₃)₂).

Naphthenes. Six-membered naphthenes undergo dehydrogenation at platinum centers with the formation of aromatic hydrocarbons [7-22]:



FIGURE 4. Dehydrogenation of alkylcyclohexane to alkylbenzene.

Aromatic hydrocarbons are isomerized at the acid sites of the carrier:


FIGURE 5. Schematic representation of xylene isomerization.

Reforming feedstock requirements. Straight-run gasoline fractions are used as raw materials for the catalytic reforming of gasolines, less often - gasolines of secondary processes [8-10]. The composition of the raw material largely determines the yield and quality of the resulting product and has a significant effect on the efficiency of the catalyst [9-378]. The temperature limits for the selection of fractions (fractional composition) are selected depending on the purpose of the installation. The initial and final boiling points of the fraction (n.a. and c.c.) are the main characteristics. The low boiling point of the fraction (for example, 70 ° C) can lead to an increased content in straight-run gasoline of such light components as С5, which practically do not contribute to an increase in the octane number, and С6, the cyclization of paraffins of which with the formation of aromatic compounds proceeds with great difficulty. compared with С7 or heavier paraffins. As the feedstock becomes heavier in the range of 62 - 105° C, the formation of aromatic hydrocarbons increases and the octane number of the product rises. Fractions with a boiling point of up to 85° C during the reforming process hardly undergo changes and therefore do not affect the quality of the resulting gasoline [10-252]. 
The maximum possible end-boiling point of the oil fraction is largely determined by the requirements for the boiling point of stable catalyzate, the main reforming product. The difference between the boiling point temperatures of gasoline and raw materials should be 17-25° C, depending on the expected octane number. The boiling point of stable catalyzate is related to the boiling point of 90% of the gasoline fraction, since a higher value will promote increased formation of coke and polycyclic compounds. To determine the quality of the feedstock, you need to know the hydrocarbon composition of the feedstock - the quantitative content of paraffins, naphthenes and aromatics in the feedstock [11-233]. Raw materials with an increased content of naphthenic hydrocarbons are of the greatest value for the process, since this condition contributes to an increase in the product yield and an increase in the concentration of hydrogen in the circulating gas. 
The content in the feedstock of an excessive amount of olefins and diolefins is undesirable, since this leads to increased consumption of hydrogen and coke accumulation. Diolefins should be completely removed from the feed, and the olefin content should not exceed 0.1 wt%. It is also undesirable for the presence of impurities in the feed, the content of which adversely affects the operation of the catalyst. The sulfur content leads to the poisoning of the metal function of the catalyst, and nitrogen-containing compounds negatively affect its acid function. The same can be said about the impurities of metal compounds, the content of which must be maintained at a very low level, since they are irreversibly adsorbed on the catalyst, which inevitably leads to a decrease in its activity. The presence in the raw material of the above impurities, which are poisons for alumina-platinum reforming catalysts, necessitates preliminary hydrotreating, and already pre-purified and prepared raw materials are supplied to the reforming unit [8-12]
CONCLUSIONS
Depending on the technological design of the process, catalytic reforming is carried out at a temperature of 480-550 ° C and a pressure of 0.35-3.0 MPa [7-22]. Temperature is an important parameter that has a significant effect on the rate of ongoing reactions, which is reflected in the yield of target products. The catalytic reforming process is highly endothermic (with heat absorption), therefore, its implementation requires several reactors (3 or 4) with intermediate heating of raw materials in furnaces. In the first reactor, the naphthenes dehydrogenation reaction proceeds at the highest rate. In the latter reactor, endothermic dehydrocyclization reactions and exothermic paraffin hydrocracking reactions take place. The temperature difference across the reactors depends on the group composition of the feedstock, the selectivity of the catalyst and decreases as the catalyst depletes and the hydrocracking reaction develops. In this connection, in the first reactor, the largest, and in the last reactor, the smallest temperature difference between the inlet and outlet of the reactor is observed. A decrease in the temperature difference in the reactors occurs by reducing the contact time of the feedstock with the catalyst, that is, by reducing the volume of the catalyst in the reactors. Therefore, the first and last reactors differ in the loaded volumes of the catalyst. The former has the smallest volume compared to the latter, which contains the largest amount of the loaded catalyst. To reduce the role of hydrocracking reactions in the first reactors, an increasing temperature regime is maintained in the reactor cascade. In practice, there are installations with different options for changing the temperature across the reactors: "ascending", "descending", "straight". Ultimately, the temperature profile for reactors is determined at the design stage of a specific installation [10-252]. 
These elements affect the kinetics of the hydrogenation and dehydrogenation reactions and regulate the effective size of Pt clusters, which contributes to better selectivity, stability, and activity of the catalyst [12-190; 13-95].
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