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Abstract: The oil produced in the oil fields of the Republic of Kazakhstan contains a high percentage 

of sulfur. Synthesis and improvement of the properties of catalytic systems for the production of 

fuels with high octane number and low sulfur content is currently an urgent task for Kazakhstan. 

In this study, catalytic systems with a new composition based on zeolites with the addition of rare-

earth metals (E) and phosphorus (P) have been prepared and tested in the process of the catalytic 

hydrotreating of straight-run gasoline and gasoline of catalytic cracking. In case of NiO-MoO3-E-P-

HZSM-HY-Al2O3 catalyst, the octane rating of the gasoline after hydro-processing was increased to 

88-90, which is much higher than for other catalysts. The octane number of straight-run gasoline up 

to 400°C is a maximum of 90 (Research Method) and 83.7 (Motor Method). At the same time, the 

sulfur content in the resulting gasoline decreases from 0.0088% to 0.0011%. In the case of catalytic 

cracking gasoline, the sulfur content is reduced from 0.0134% to 0.0012%. The smallest residual sul-

fur content in the final product, 0.0005% is revealed in case of catalyst CoO-WO3-E-P-HZSM-HY-

Al2O3, and it is 2-4 times lower than for catalysts CoO-MoO3-E-P-HZSM-HY-Al2O3 and NiO-MoO3-

E-P-HZSM-HY-Al2O3. These amounts of sulfur residue in raw materials is lower than that required 

by the Euro-5 Standard. The surface of the prepared catalysts was 211.0-274.0 m2/g, diameter of 

pores d ≈ 1.5-2.5 nm and d ≈ 7.0 nm. The total pore volume of the catalysts was not higher than 0.28-

0.41 ml/g. The catalysts developed in this study can be used for hydrotreating raw materials and 

producing high-octane gasoline with a low sulfur content, corresponding in its characteristics to the 

Euro-5 Standard. 
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1. Introduction 

In the modern world, the demand for motor fuels, which must meet international 

quality standards, is growing more and more every year. In this case, there is a tendency 

to reduce the reserves of crude oil and the need to process heavy fractions of oil [1-8]. The 

processing of the raw materials, which contain heavy oil residues, natural bitumen, shale 

oil, and highly viscous heavy oil, is becoming increasingly important. However, it be-

comes more difficult to process such heavy hydrocarbons on traditional catalysts. In the 

oil refining industry, deep hydrotreating and hydroisomerization of oil fractions are in-

creasingly used to produce high-quality motor fuels [9-16]. Oil produced in the oil fields 

of the Republic of Kazakhstan is characterized by a high content of sulfur. According to 

the Ministry of Energy of the Republic of Kazakhstan, the sulfur content in domestic oil is 

in the range of 0.35%-1.69%. Therefore, refineries need to radically change the technology 
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of catalytic processing in order to reduce the sulfur content in the resulting fuel and syn-

thesized petroleum products to meet the European Standards. The development and ap-

plication of new active catalytic systems for producing fuel with a high octane number 

and low sulfur content is an urgent task. 

When choosing the most efficient technology, great importance is attached to the hy-

drocarbon composition and the physicochemical characteristics of the raw materials. In 

the world, various modifications of the processes (thermal, thermal catalytic and hydro-

genation technologies) for processing heavy fractions of oil and high-sulfur fuel oils have 

been developed [17-24].  

According to the international standards, significant restriction of content of sulfur, 

benzene, aromatic and olefin hydrocarbons in motor fuels is required. For carrying out 

deep hydrotreating of various fractions of oil it is necessary to use new effective catalysts 

and technologies [25-29]. Worldwide active search and development of new catalysts of 

deep hydrotreating of oil fractions is conducted and the production technology of motor 

fuels is improved. In this case more attention is paid to development of the catalyst of 

hydrotreating for a certain type of oil products [30-39]. 

The aim of the work was to elaborate the new composition of catalysts based on alu-

mina modified with additives of rare earth metals, phosphorus, zeolite ZSM-5, and to de-

termine their efficiency in the process of the catalytic hydrotreating of straight-run gaso-

line and catalytic cracking gasoline. 

2. Materials and Methods 

In this study, catalytic systems with a new composition based on zeolites with the 

addition of rare-earth metals (E), phosphorus (P) have been prepared: CoO-MoO3-E-P-

HZSM-HY-Al2O3, CoO-WO3-E-P-Al2O3-ZSM, NiO-MoO3-E-P-HZSM-HY-Al2O3, where 

“E” is a rare-earth element (Table 1, Figure 1). A mixture of aluminum hydroxide with 

zeolites HZSM-5 and HY, water-soluble salts of nickel, cobalt, molybdenum, tungsten, 

rare-earth element (E), phosphoric acid were used for catalysts preparation. 

Table 1. Catalytic systems used in the research, where “MZC” is a “Metallic Zeolite Catalyst”, “E” 

is a rare-earth metal. 

Catalyst  sample Catalyst composition  

MZC-1 CoO-MoO3-E-Р-ZSM-Al2O3 

MZC -2 CoO-MoO3-E-Р-HZSM-HY-Al2O3 

MZC -3 NiO-MoO3-E-Р-HZSM-HY-Al2O3 

MZC-4 NiO-MoO3-E-Р-ZSM-Al2O3 

MZC -5 CoO-MoO3-E-Р-ZSM-Al2O3 

 

     

Figure 1. Appearance of freshly prepared granules of catalyst samples: a) MZC-1; b) MZC-4. 

Procedure of preparation includes stages of impregnation. When heated, the liquid 

catalyst solidifies. Using a special device, the catalyst was pulled out, lengthened, and 

poured onto filter paper. The catalyst was left to cure. Then, the modified catalysts were 

separated into small pieces. Next, the catalyst samples were heated in a laboratory oven 
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at 350°C for 5 hours. After that, the catalyst samples were heated in a muffle furnace at 

500°C for 5 hours. The process for preparing the described catalyst is typical for a similar 

type of catalyst, which makes it possible to prepare sufficiently large batches of modified 

zeolite-containing catalysts and propose the for the industrial application.  

The percentage composition of the catalysts studied was as: NiO (3%) - MoO3 (12%) 

- E (rare earth element - Ce2O3 (1%) - P (P2O5) - (3%) - HZSM-HY-Al2O3, CoO (3%) - MoO3 

(12%) - E (rare earth element Ce2O3 (1%) - P-HZSM-HY-Al2O3 and CoO (3%) - WO3 (12%) 

- E (rare earth element Ce2O3 (1%) - P (P2O5) - (3%) - Al2O3-ZSM.  

The effectiveness of the developed catalysts was studied in the process of the catalytic 

hydrotreating of straight-run gasoline and catalytic cracking gasoline. For the study, a 

gasoline fraction containing 0.037% sulfur, paraffins 33.4%, olefins 3.7%, aromatic hydro-

carbons 5.6%, isoalkanes 26.3%, naphthenic hydrocarbons 31.0% was used. The starting 

gasoline had an octane rating of 77.7 according to the research method and 53.8 according 

to the motor method. 

The reaction process has been carried out at the common flow installation with a 

fixed bed (Figure 2) at temperatures of 320-400 ºC, volume rate of 2.0 h-1 and pressure 4.0 

MPa by the method developed earlier in the laboratory and described in refs. [28, 31-34]. 

The reactor is made of a metal tube, the lower part is equipped with glass nozzles, which 

are filled with a layer of stationary catalyst at the required height and placed on top of 

another porcelain nozzle. The upper layer of the nozzle provides evaporation of the feed-

stock supplied to the reactor. A thermocouple for temperature control is installed in the 

middle of the reactor. The reactor type is continuous, i.e. one cycle of the entire process 

was carried out continuously. 

 

Figure 2. Diagram of a laboratory gasoline hydrotreating unit: 1-burette, 2 – pump; 3, 7, 12, 14-

valves; 4, 8-pressure gauges; 5-hydrogen cylinder; 6-reducer; 9-reactor; 10-refrigerator 11-rotameter; 

13-separator; 15-flask. 

To place the catalyst in the reactor, the reactor was first removed. A filter was first 

installed inside the reactor, then quartz, then the catalyst and quartz were placed. To ac-

tivate the catalyst, it was first heated to P=0.7 MPa at 150°C. Then it was heated at P=2.0 

MPa at 200°C for 2 hours. After that, it was heated at P=2.5 MPa at 250° C for 2 hours. 

Then it is heated at P=3.0 MPa at 300°C for 2 hours. Finally, it was heated at P=3.5 MPa at 

350°C for 1 hour. After the catalyst was activated, the unit was started up at full capacity. 

The hydrogen cylinder was opened to P=4.0 MPa using a reducer. Then the automatic 
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shutter was opened and the thermostat turned on, the temperature rose to 320°C. Then 

gasoline was poured into the flask, pumped directly. At the end of the experiment, the 

pump is turned off, the hydrogen cylinder is closed, and the product is poured into the 

container. 

The final products of the process have been cooled in the receiver by means of a ca-

pacitor placed in a special immersion refrigerator. Gas liquid chromatography (GLC 

method) using “Chrom-5” and the column with alumina of “Supelco” were applied for 

analysis. The analysis of the liquid products was defined by “Agilent 6890” (capillary col-

umn 60m×0.250mm). For determination of the hydrocarbon composition of the reaction 

products chromatographs “Chromatec-Crystal” (Russia) was applied. The sulfur content 

in the starting material and products was defined using SPECTROSCAN Instrument. The 

physico-chemical characteristics of the catalysts were studied using BET methods, TEM 

microscopy, and TPD of ammonia [28, 31-34, 40-42]. 

IR spectra were recorded using a Nicolet IR200 IR-Fourier spectrometer in the range 

of 500-4000 cm-1. The samples were preliminarily ground into a homogeneous powder. 

3. Results 

The effect of temperature on the change in the composition of straight-run gasoline 

and catalytic cracking gasoline as a result of hydroprocessing of raw materials has been 

studied. Under conditions of enlarged laboratory studies of hydrotreating of straight-run 

gasoline on the MZC-5 catalyst it was found that the content of isoalkanes increases from 

26.7 to 36.2% for straight-run gasoline and from 25.4 to 42.3% for catalytic cracking gaso-

line compared to original gasoline. The amount of paraffins decreases with increasing 

temperature, but this trend is not typical for catalytic cracking gasoline. In contrast, with 

increasing temperature, the percentage of paraffins increases in the composition of cata-

lytic cracking gasoline. 

With an increase in temperature by 320-400 °C, the content of aromatic hydrocarbons 

increases from 8.3% to 21.1% for straight-run gasoline, from 30.1% to 34.4% for catalytic 

cracking gasoline, the yield of naphthenic hydrocarbons decreases from 31.5 % to 24.4% 

for catalytic cracking gasoline, from 7.0% to 8.3% for straight-run gasoline. The yield of 

the liquid phase with an increase in temperature from 320 to 400°C decreases in straight-

run gasoline from 82.0 to 36.4%, in catalytic cracking gasoline from 97.6 to 88%. The octane 

number of straight-run gasoline up to 400°C is a maximum of 90 (research method) and 

83.7 (motor method). At the same time, the sulfur content in the resulting gasoline de-

creases from 0.0088% to 0.0011%. In the case of catalytic cracking gasoline, the sulfur con-

tent is reduced from 0.0134% to 0.0012%. 

In case of NiO-MoO3-E-P-HZSM-HY-Al2O3 catalyst, the octane rating of the gasoline 

after hydro-processing was increased to 88-90, which is much higher than for other cata-

lysts. The smallest residual sulfur content in the final product, 0.0005% is revealed in case 

of catalyst CoO-WO3-E-P-HZSM-HY-Al2O3, and it is 2-4 times lower than for catalysts 

CoO-MoO3-E-P-HZSM-HY-Al2O3 and NiO-MoO3-E-P-HZSM-HY-Al2O3. These amounts 

of sulfur residue in raw materials is lower than that required by the Euro-5 Standard. 

It is noted that the amount of sulfur found in the final sample decreases with increas-

ing temperature. In general, this tendency was observed for all catalyst samples. With an 

increase in temperature, the sulfur content decreased, the octane number increased, that 

is, the quality of the gasoline fraction increased. In this case, the most impressive results 

from the considered temperature range were found at 400 °C.  

According to the dependencies shown in Figure 3 and Figure 4, changes in the sulfur 

content in two different gasoline samples, i.e. in straight-run gasoline and catalytic crack-

ing gasoline, caused by an increase in temperature in the hydrotreating reaction, decrease, 

and the octane number increases. In the hydrotreating of straight-run gasoline, the MZC-

5 catalyst sample exhibits the activity of the catalyst in terms of sulfur content, and the 

MZC-1 sample is especially active in catalytically cracked gasoline. If we consider the 
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growth of the octane number, then the most active catalyst samples for gasoline are MZC-

5, for catalytic cracking gasoline - MZC-4.  

 

 

Figure 3. The effect of temperature on the sulfur content in the final sample after hydrotreating of 

raw materials: a) straight-run gasoline; b) catalytic cracking gasoline. 
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Figure 4. The effect of temperature on the octane rating in the final sample after hydrotreating of 

raw materials: a) straight-run gasoline; b) catalytic cracking gasoline. 

The acid-base characteristics of the catalysts were determined using temperature-

programmed desorption of ammonia (Table 2, Figure 5). Ammonia is adsorbed on the 

catalyst surface in two forms. 
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Table 2. Results of temperature-programmed desorption of ammonia on test catalysts. 

Catalyst 
Peak maximum 

temperature, 

Amount of desorbed ammonia, 10-4, mol 

NH3 desorption / g сatalyst 

ΣNH3 desorbed 10-4 mol NH3 

desorption / g сatalyst 

MZC-1 175 220 10.2 9.48 19.8 

MZC-2 150 250 1.88 8.57 10.45 

MZC-3 — 215 — 31.3 31.3 

MZC-4 140 205 traces 9.26 9.26 

MZC-5 150 230 2.33 8.05 10.38 

 

Figure 5. Desorption of ammonia on the catalyst surface. 

Acid sites predominate on the surface of the MZC-2 catalyst Tdesorbtion = 250 °C, their 

content in the catalyst is 8.57×10-4 mol / g. The temperature of desorption of ammonia from 

the surface of the MZC-5 and MZC-1 catalysts ranges from 220 to 230°C, the content of 

substances in the catalyst is 8.05 × 10-4 mol / g and 9.48 × 10-4 mol / g. In addition, the 

amount of desorbed ammonia in various forms is close to the catalyst MZC-1 and is 10.2 

and 9.48 mol NH3 des / g, respectively. The maximum amount of desorbed ammonia in 

MZC-3 is 31.3×10-4 mol / g. In catalysts MZC-2 and MZC-5, the number of strongly weakly 

bound acid sites falling to 150°C is small and amounts to 1.88 and 2.33×10-4 mol / g, re-

spectively. The total amount of ammonia obtained from the surface of catalysts MZC-2 

and MZC-5 is the same: 10.45 and 10.38×10-4 mol / g of catalyst.  

The mechanical strength of the catalyst granules was also determined. Depending on 

the composition, the different mechanical strengths of the MZC-1, MZC-2, MZC-4 and 

MZC-5 catalysts are in the range of 26.1-65.4 kg / mm. 

The data of the TEM and XPA studies (Figure 6) show that the catalysts proposed in 

the work are highly dispersed, and the metals of the active phase are mainly in an oxidized 

state. There are associated clusters on the surface, and their characteristics, such as disper-

sion, structure, are determined by the nature of the catalyst components [11, 20, 38]. 
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Figure 6. TEM images of catalysts (at 80,000 magnification): MZC -2 (a, b); MZC -3 (c, d). 

According to the results of IR spectroscopy (Figure 7), all samples are characterized 

by the presence of peaks at 1050 and 780 cm-1, which are responsible for the stretching 

and bending of the Si–O–Si bond (asymmetric and symmetric stretching vibration of Si–

O–Si), respectively, 1215 cm–1 is the peak corresponding to the bond Si–O–H [43-47]. The 

absorption band at 550–560 cm–1, which is characteristic of zeolites, is associated with vi-

brations of the internal bonds of the SiO4 and AlO4 tetrahedra. The IR spectrum of MZC-

5 (Figure 7, c) includes a weak absorption band at 620 cm–1, which is characteristic of cris-

tobalite [8, 35, 38]. An unidentified small peak at 1620 cm-1 is also visible. The peak at 2350 

cm-1 is carbon dioxide, which is present in the air. 
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Figure 7. IR spectra: a) MZC-1, b) MZC-2, c) MZC-5. 

4. Conclusions 

The aim of the work was to elaborate the new composition of catalysts based on alu-

mina modified with additives of rare earth metals, phosphorus, zeolites, and to determine 

their efficiency in the process of the catalytic hydrotreating of straight-run gasoline and 

catalytic cracking gasoline. The amount of sulfur found in the final sample decreases with 

increasing temperature. In fact, this tendency was observed for all catalyst samples. With 

an increase in temperature, the sulfur content decreased, the octane number increased, 

that is, the quality of the gasoline fraction increased and the best results were found at 

400°C. Catalysts are characterized by the simultaneous presence of acidic, metallic and 

mixed centers. Using the catalysts developed in the study, it is possible to obtain high-

octane low-sulfur gasoline conforming to the Euro-5 standard. 
 

Author Contributions: Conceptualization, B.T., L.S. and A.O.; methodology, B.T.; software, G. S. 

and L. S.; validation, B.T., A.A. and S.S.; formal analysis, G. S. and L.S.; investigation, G. S., A.O.  

and M.T.; resources, B.T. and A.A; data curation, B.T., A.O., M.T. and S.S.; writing—original draft 

preparation, B.T., L.S., A.O. and G. S.; writing—review and editing, B.T. and L.S.; visualization, 

M.T.; supervision, B.T. and S.S.; project administration, B.T.; funding acquisition, B.T.  All authors 

have read and agreed to the published version of the manuscript. 

Funding: “This research was funded by grant funding under the project: “IRN-ARO887065 "Crea-

tion of scientific foundations for the development of new efficient catalysts and technology for deep 

hydroprocessing of vacuum gas oil to produce high-quality motor fuels". 

Conflicts of Interest: The authors declare no conflict of interest. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 July 2022                   doi:10.20944/preprints202207.0052.v1

https://doi.org/10.20944/preprints202207.0052.v1


 

References 

1. Topsoe, H. The role of Co–Mo–S type structures in hydrotreating catalysts. Appl. Catal. A: General 2007. 322, 3-8. 

https://doi.org/10.1016/j.apcata.2007.01.002 

2. Hubesch, R.; Mazur, M.; Selvakannan, P.R.; Föger, K.; Lee, A.F.; Wilson, K.; Bhargava, S. Endothermic catalytic cracking of 

liquid hydrocarbons for thermal management of high-speed flight vehicles. Sustain Energy Fuels 2022. 6(7),1664–1686. 

https://doi.org/10.1039/D1SE01999F 

3. Dufresne, P. Hydroprocessing catalysts regeneration and recycling. Appl. Catal. A: General. 2007. 322, 67-75. 

https://doi.org/10.1016/j.apcata.2007.01.013 

4. Rigutto, S.M.; Veen, R.; Laurent, H. Zeolites in hydrocarbon processing. Stud. Surf. Sci. Catal 2007. 168, 855-913. 

https://doi.org/10.1016/s0167-2991(07)80812-3 

5. Beltramini, JN. Catalytic properties of heteropolyacids supported on MCM-41 mesoporous silica for hydrocarbon cracking re-

actions. Stud Surf Sci Catal. 2003. 146, 653–656. 

6. Baradaran, S.; Sadeghi, MT. Desulfurization of non-hydrotreated kerosene using hydrodynamic cavitation assisted oxidative 

desulfurization (HCAOD) process. J Environ Chem Eng. 2020. 8(4), 103832. https://doi.org/10.1016/j.jece.2020.103832 

7. Song, Ch. An overview of new approaches to deep desulfurization for ultraclean gasoline, diesel fuel and jet fuel. Catal. Today 

2003. 86, 211 - 263. https://doi.org/10.1016/s0920-5861(03)00412-7 

8. Shakiyeva T.V., Sassykova L.R., Dzhatkambayeva U.N., Zhakirova N.K., Prabhahar M., Sendilvelan S., Ganesan M.; Chitra, N. 

J.; Hari, R. Studying the regularities of oxidative catalytic cracking of vacuum distillates. Mater Today Proc. 2021. 45(7), 6028–

6034. https://doi.org/10.1016/j.matpr.2020.09.642 

9. Ertl, G.; Knözinger, H.; Schüth, F.; Weitkamp, J. (Eds.) Handbook of Heterogeneous Catalysis, Weinheim: Wiley-VCH. 2008. 

pp.123-142. https://doi.org/10.1002/anie.200901598 

10. Kim, S.W.; Yeo, C.E.; Lee, DY. Effect of fines content on fluidity of FCC catalysts for stable operation of fluid catalytic cracking 

unit. Energies. 2019. 12(2), 293. https://doi.org/10.3390/en12020293 

11. Shakiyeva, T.V.; Sassykova, L.R.; Dzhatkambayeva, U.N.; Khamlenko, A.A.; Zhakirova, N.K.; Batyrbayeva, A.A.; Azhigulova, 

R.N.; Kubekova, Sh.N.; Zhaxibayeva, Zh.M.; Kozhaisakova, M.A.; Zhusupova, L.A.; Sendilvelan, S.; Bhaskar, K. Optimization 

of the oxidative cracking of fuel oil on catalysts obtained from Kazakhstan raw materials. Rasayan J Chem. 2021. 14(2), 1056–

1071. https://doi.org/10.31788/RJC.2021.1426152 

12. Zavalinskaya, I.S.; Malikov, I.V.; Yas’yan, Yu.P. Conversion of Straight-Run Gasoline Fraction on Combined Zeolite-Containing 

Catalysts. Chem. Technol. Fuels Oils. 2015. 51(2), 154-159. https://doi.org/10.1007/s10553-015-0588-7 

13. Babich, I. Science and technology of novel processes for deep desulfurization of oil refinery streams: a review. Fuel. 2003. 82(6), 

607–631. https://doi.org/10.1016/s0016-2361(02)00324-1 

14. Pleshakova, N.A., Tyshchenko, V.A., Tomina, N.N., Pimerzin, A. Hydrofining of oil fractions of naphthenoaromatic crude. Pet 

Chem. 2008. 48(5), 346–354. https://doi.org/10.1134/s0965544108050034 

15. Abul-Hamayel, M.A. Effect of Feedstocks on High-Severity Fluid Catalytic Cracking. Chem. Eng. Technol. 2002. 25(1), 65-70. 

https://doi.org/10.1002/1521-4125(200201)25:1%3C65::aid-ceat65%3E3.0.co;2-p 

16. Yunusov, M.P.; Djalаlova, Sh.B.; Nasullaev, Kh.A.; Gulyamov, Sh.T.; Isaeva, N.F.; Mirzaeva. E.I. New catalytic systems for hy-

drofining and dearomatization processes of oil fractions. Catal Sustain Energy. 2016. 3, 7–14. https://doi.org/10.1515/cse-2016-

0003 

17. Afanasiev, P.; Bezverkhyy, I. Ternary transition metals sulfides in hydrotreating catalysis, Appl. Catal. A: General 2007. 322, 129-

141.  https://doi.org/10.1016/j.apcata.2007.01.015 

18. Rodríguez-Castellón, E.; Jiménez-López, A.; Eliche-Quesada, D. Nickel and cobalt promoted tungsten and molybdenum sulfide 

mesoporous catalysts for hydrodesulfurization. Fuel 2008. 87(7), 1195-1206. https://doi.org/10.1016/j.fuel.2007.07.020  

19. Kerby, M.C.; Degnan, T.F.; Marler, D.O.; Beck, JS. Advanced catalyst technology and applications for high quality fuels and 

lubricants. Catal Today. 2005. 104(1), 55–063. https://doi.org/10.1016/j.cattod.2005.03.028 

20. Tanimu, A.; Tanimu, G.; Alasiri, H.; Aitani, A. Catalytic cracking of crude oil: mini review of catalyst formulations for enhanced 

selectivity to light olefins. Energy Fuels 2022. 36(10), 5152–5166. https://doi.org/10.1021/acs.energyfuels.2c00567 

21. Ghashghaee, M.; Shirvani, S.; Kegnæs, S. Steam catalytic cracking of fuel oil over a novel composite nanocatalyst: characteriza-

tion, kinetics and comparative perspective. J Anal Appl Pyrolysis 2019. 138, 281–293. https://doi.org/10.1016/j.jaap.2019.01.010 

22. Ortega García; FJ, Juárez, EJ. Heavy oil hydrocracking on a liquid catalyst. Energy Fuels 2017. 31(8), 7995–8000. 

https://doi.org/10.1021/acs.energyfuels.7b01132 

23. Marafi, M.; Furimsky, E. Hydroprocessing catalysts containing noble metals: deactivation, regeneration, metals reclamation, 

and environment and safety. Energy Fuels 2017. 31(6), 5711−5750. https://doi.org/10.1021/acs.energyfuels.7b00471 

24. Ghashghaee, M. Predictive correlations for thermal upgrading of petroleum residues. J Anal Appl Pyrolysis 2015. 115, 326–336. 

https://doi.org/10.1016/j.jaap.2015.08.013 

25. Gomez, N., Molina, A. Analysis of the particle clustering phenomenon in the fluid catalytic cracking of gasoil in a downer 

reactor. Chem Eng Technol. 2019. 42(6), 1293–1303. doi:10.1002/ceat.201800463 

26. Klimov, O.V.; Aksenov, D.G.; Prosvirin, I.P.; Toktarev, A.V.; Razheva, M.N.; Echevsky, G.V. New bifunctional zeolite-based 

catalyst for high octane gasoline production from hydrocarbon feedstocks with high content of sulfur. Stud. Surf. Sci. Catal. 2005. 

158(B), 1779-1786. https://doi.org/10.1016/S0167-2991(05)80538-5 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 July 2022                   doi:10.20944/preprints202207.0052.v1

https://doi.org/10.20944/preprints202207.0052.v1


 

27. Borzaev, H.H.; Kolesnikov, I.M. Cracking of activated vacuum gas oil on mesoporous aluminosilicates. Oil and Gas Technol. 

2020. 128(3), 9–12. https://doi.org/10.32935/1815-2600-2020-128-3-9-12 

28. Tuktin, B.; Zhandarov, E.; Nurgaliyev, N.; Tenizbayeva, A.; Shapovalov, A. Hydrotreating of gasoline and diesel oil fractions 

over modified alumina/zeolite catalysts. Pet. Sci. Technol. 2019. 37(15), 1770-1776. https://doi.org/10.1080/10916466.2019.1590403 

29. Velichkina, L.M.; Barbashin, Ya.E.; Vosmerikov, A.V. Effect of Rhenium on the Physicochemical Properties of MFI-type Zeolite 

and the Dynamics of its Deactivation in the Course of Upgrading the Straight-Run Gasoline Fraction of Oil. Chem. Sustain. Devel. 

2020. 3, 219-225. https://doi.org/10.15372/csd2020223 

30. Vosmerikov, A.V.; Ulzii, B.; Barbashin, Ya.E.; Korobitsina, L.L.; Tuya, M.; Vosmerikova, L.N. Conversion of the straight-run 

gasoline fraction of high-paraffin oil on a zeolite catalyst. Pet. Chem. 2011. 51(2), 143-149. 

https://doi.org/10.1134/s0965544111020149 

31. Tuktin, B. T. ; Nurgaliyev, N. N. ; Tenizbayeva, A. S. ; Shapovalov, A. A. Catalytic conversion of light hydrocarbons into aro-

matic hydrocarbons over modified zeolite catalysts. Orient. J. Chem. 2017. 33(4), 1799-1804. https://doi.org/10.13005/ojc/330424 

32. Tuktin, B.T.; Tenizbayeva, A.S.; Omarova, A.A.; Sassykova, L.R.; Sailau, Zh.A. Hydrofining of petrol fractions of oil on modified 

alumina catalysts. Rasayan J Chem. 2019, 12(3), 1478–1484. https://doi.org/10.31788/RJC.2019.1235236 

33. Zakumbaeva, G.D.; Shapovalova, L.B.; Tuktin, B.T.; Omarova, A.A. Transformations of tetradecane on La/Al2O3+ZSM cata-

lysts. Pet Chem. 2010. 50, 135–140. https://doi.org/10.1134/s096554411002009x 

34. Tuktin, B.T.; Zakumbaeva, G.D., Du, W. Influence of additives on hydrodesulfurization activity of Fe-Mo/Al2O3 catalysts. China 

Pet. Process. Petrochemical Technol. 2006. 3, 49-52. 

35. Samborskaya, M.A.; Laktionova, E.A.; Wolf, A.V.; Mashina, V.V.; Syskina, A.A. Optimal Fractionation of Products of Refining 

Straight-run Gasoline on Zeolite Catalyst with Account of its Deactivation. Proc. Chem. 2014. 10, 332-336. 

https://doi.org/10.1016/j.proche.2014.10.056 

36. Belov, G.P.; Matkovsky, P.E. Processes for the production of higher linear α-olefins. Pet Chem. 2010. 50(4), 283–289. 

https://doi.org/10.1134/s0965544110040055 

37. Glagoleva, O.F., Kapustin, V.M. Improving the efficiency of oil treating and refining processes (review). Pet Chem. 2020. 60(11), 

1207–1215. https://doi.org/10.1134/s0965544120110092 

38. Kapustin, V.; Chernysheva, E.; Maximova, A.; Zinchenko, Yu. Development of new catalytic processes for processing petroleum 

feedstock. Pure Appl Chem. 2017. 89(10), 1579–1585. https://doi.org/10.1515/pac-2016-1122 

39. Ho, T.C. Hydroprocessing catalysis on metal sulfides prepared from molecular complexes. Catal. Today 2008. 130(1), 206-220. 

https://doi.org/10.1016/j.cattod.2007.06.076 

40. Gong, J. Study on preparation of fuel oil from three kinds of molecular sieve catalytic cracking waste lubricating oil. J Phys Conf 

Ser. 2022. 2168, 012010. https://doi.org/10.1088/1742-6596/2168/1/012010 

41. Mani, M.; Thangavelu, Th.; Perumal, S.Kr.; Kannan, Sh. Development and experimental validation of reactor kinetic model for 

catalytic cracking of eugenol, a potential bio additive fuel blend. Int J Chem React Eng. 2021. 19(10), 1023–1030. 

https://doi.org/10.1515/ijcre-2021-0059 

42. Almutalabi, Sh.N.; Alzuhairi, M.; Hashim, F.A. Two stages thermal and catalytic cracking of polyethylene terephthalate to fuel 

production. Int J Des Nat Ecodyn. 2021. 16(6), 725–732. https://doi.org/10.18280/ijdne.160615 

43. Standl, S.; Hinrichsen, O. Kinetic modeling of catalytic olefin cracking and methanol-to-olefins (MTO) over zeolites: a review. 

Catalysts 2018. 8(12), 626. https://doi.org/10.3390/catal8120626 

44. Keynejad K, Nikazar M, Dabir B. Diesel desulfurization using a ultrasound-assisted oxidative process. Pet Sci Technol. 2018. 

36(11), 718–725. https://doi.org/10.1080/10916466.2018.1445099 

45. Ibrasheva, R. Kh.; Yemelyanova, V.S.; Sassykova, L.R.; Dzhatkambayeva, U. N.; Shakiyeva, T.V. ; Dossumova, B.T. ; Zhakirova, 

N.K. ; Sendilvelan, S. ; Seilkhanov, T. M. Catalytic cracking of vacuum distillates on composite catalysts. Rasayan J. Chem. 2020.  

13(4), 2370-2375. https://doi.org/10.31788/rjc.2020.1345948 

46. Okunev, A.G., Parkhomchuk, E.V., Lysikov, A.I., Parunin, P.D., Semeikina, V.S., Parmon, V.N. Catalytic hydroprocessing of 

heavy oil feedstocks. Russ Chem Rev. 2015. 9, 987–999. https://doi.org/10.1070/rcr4486 

47. Taj, R.; Pervaiz, E.; Hussain, A. Synthesis and catalytic activity of IM-5 zeolite as naphtha cracking catalyst for light olefins: a 

review. J Chem Soc Pak. 2020. 42(2), 305–316. doi:10.52568/000637/jcsp/42.02.2020 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 July 2022                   doi:10.20944/preprints202207.0052.v1

https://doi.org/10.20944/preprints202207.0052.v1

