[bookmark: _GoBack]Research on the Cracking of Heavy Oil Fractions Activated by Atmospheric Oxygen
Vasyl Konyk, Yuriy Khlibyshyn. 
Department of Organic Products Technology, Lviv Polytechnic National University, UKRAINE, Lviv, S. Bandery, 12, E-mail: yurii.y.khlibyshyn@lpnu.ua
Abstract. The study investigates the effectiveness of using atmospheric oxygen as an activator in the thermal cracking process under varying temperature conditions. It has been established that activation of thermal cracking significantly reduces the viscosity of the heavy residue, increases the yield of light fractions, and enhances the performance of the reaction system.
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Introduction
The implementation of the implementation of thermo-catalytic and hydroprocessing technologies for the upgrading of heavy petroleum residues is hindered by their high cost, capital intensity, and energy consumption. In contrast, thermal conversion processes for heavy residues are characterized by comparatively low capital and operational expenditures. However, their principal drawback is the relatively low yield of light hydrocarbon fractions (gasoline and diesel fuel), which typically does not exceed 20–40%.
Visbreaking is a process for upgrading heavy residues that, due to its relative simplicity in terms of technological and equipment design, enables the production of additional quantities of light petroleum products and marketable boiler fuels without the necessity for diluents. The integration of visbreaking units into refinery schemes is particularly relevant in the context of processing heavier crude oils or low-quality residues, as well as increasing demand for distillate products. Therefore, the development of methods for activating thermal conversion processes to enhance their efficiency and the yield of fuel fractions—while simultaneously obtaining commercially valuable residual products—represents a timely and important task [1].
Results and their discussion
The objective of the conducted experiments was to investigate the influence of temperature and the amount of activator (airborne oxygen) on the yield and composition of light hydrocarbon fractions, as well as to assess the feasibility of obtaining boiler fuel as a heavy residue that meets regulatory standards.
All experiments were conducted at atmospheric pressure and temperatures ranging from 420 to 440 °C. At the same time, the temperature of the cracking product vapors withdrawn from the reactor was maintained within the range of 310–320 °C.  
To evaluate the efficiency of both activated and non-activated cracking processes, the following output parameters were used:  
- Volumetric yield of light fractions (Vlf, vol.%) – defined as the ratio of the volume of the obtained light fraction to the total volume of the vacuum residue (asphaltenic feedstock) introduced into the process. 
- Rate of light fraction formation (Wlf, vol.%/min) – the ratio of the change in the volumetric yield of the light fraction (ΔVlf) to the time interval (Δτр) during which this fraction was collected. 
In this study, light fractions were defined as all cracking products boiling at atmospheric pressure at temperatures not exceeding 360 °C. The volumetric yield of light fractions was used solely for the assessment of the cracking rate.
At this stage of the study, the dependence of the rate of light fraction formation on their volumetric yield was determined at three fixed temperatures (420, 430, and 440 °C), under a constant volumetric air feed rate, normalised per unit mass of vacuum residue loaded into the reactor. For the experiments presented, this rate was 3.0 L/(kg·min), corresponding to an actual air flow rate of 0.75 L/min.
Vacuum residue (gudron) derived from Western Ukrainian paraffinic crude oils was used as the feedstock for oxidised petroleum bitumen production.. The characteristics of the initial feedstock were as follows:  
- Softening point (Ring-and-Ball method): 42 °C  
- Ductility at 25 °C: 13 cm  
- Penetration at 25 °C: 245 × 0.1 mm  
Group composition (wt.%):  - asphaltenes – 19,60; - resins – 24,38; - oils – 56,02; including paraffins – 5,42.
Table 1
Results of the study on the thermal cracking process of vacuum residue with and without air injection at a temperature of 420 °C. 
	τр, хв.
	Without air
	With air: 3,0 l/(kg*min)

	
	Vlf, vol.%
	Wlf, vol.%/min
	Vlf, vol.%
	Wlf, vol.%/min

	10
	5,15
	0,47
	4,62
	0,43

	20
	11,76
	0,57
	11,03
	0,62

	30
	16,59
	0,59
	17,43
	0,67

	40
	22,16
	0,54
	23,49
	0,60

	50
	26,25
	0,46
	28,53
	0,46

	60
	30,03
	0,35
	32,00
	0,38

	70
	33,29
	0,29
	35,07
	0,32

	80
	36,23
	0,25
	37,38
	0,27

	90
	37,80
	0,23
	39,52
	0,22



Table 2
Results of the study on the thermal cracking process of vacuum residue with and without air injection at a temperature of  430°С. 
	τр, min
	Without air
	With air:3,0 l/(kg*min)

	
	Vlf, vol.%
	Wlf, vol.%/min
	Vlf, vol.%
	Wlf, vol.%/min

	5
	6,90
	0,69
	3,68
	0,66

	10
	11,52
	1,04
	10,50
	1,40

	15
	16,62
	1,13
	20,06
	1,91

	20
	22,08
	1,18
	29,30
	1,85

	25
	28,26
	1,16
	35,60
	1,23

	30
	33,04
	1,00
	39,64
	0,91

	35
	36,80
	0,84
	42,35
	0,70

	40
	40,01
	0,70
	45,06
	0,48



Based on the obtained dependencies, it can be concluded that the introduction of oxygen into the reaction mixture at the temperatures corresponding to active cracking of vacuum residue significantly increases the rate of light fraction formation compared to non-activated thermal cracking.  
Table 3
Results of the study on the thermal cracking process of vacuum residue with and without air injection at a temperature of  440°С.
	τр, min
	Without air
	With air: 3,0 l/(kg*min)

	
	Vlf, vol.%
	Wlf, vol.%/min
	Vlf, vol.%
	Wlf, vol.%/min

	5
	11,55
	2,31
	12,50
	2,50

	7
	-
	-
	20,79
	4,15

	10
	25,20
	2,73
	31,08
	3,43

	12
	-
	-
	37,38
	3,15

	15
	35,18
	2,03
	44,42
	2,44

	20
	42,00
	1,37
	-
	-



In particular, at a temperature of 420 °C, the rate of light fraction formation in the presence of oxygen activation increases by 10–15% (i.e., by a factor of 1,1–1,15) compared to conventional thermal cracking, with the reaction duration reaching approximately 100 minutes. When the temperature is raised to 430 °C, the rate increases by 30–40% (1,3–1,4 times), and the reaction time is reduced to 25–30 minutes. At 440 °C, the rate of formation rises by 50–60% (1,5–1,6 times), and the reaction was completed within 10–15 minutes. 
Thus, the most pronounced effect of cracking rate enhancement is achieved at elevated temperatures, with the maximum reaction rate being realized within a shorter time interval from the beginning of the process. 
To determine the optimal amount of activator—specifically, oxygen from air—a second series of experiments was conducted. In this series, the air feed rate into the reactor was varied from 0,5 to 1,0 L/min, corresponding to an equivalent volumetric flow rate of 2,0–4,0 L/(kg•min), at a constant temperature of 440 °C. The results are presented in Table 4.
Table 4
Results of the study on the thermal cracking process of vacuum residue with and without air injection at a temperature of  440°С.
	τр, хв.
	Without air
	With air

	
	
	2,0 l /(kg*min)
	3,0 l /(kg*min)
	4,0 l /(kg*min)

	
	Vlf, vol.%
	Wlf, vol.%/min
	Vlf, vol.%
	Wlf, vol.%/min
	Vlf, vol.%
	Wlf, vol.%/min
	Vlf, vol.%
	Wlf, vol.%/min

	2
	2,94
	1,47
	3,36
	1,68
	4,20
	2,10
	2,10
	1,05

	4
	6,30
	1,68
	6,72
	1,68
	9,14
	2,52
	7,98
	2,94

	6
	10,50
	2,10
	11,34
	2,31
	16,59
	3,78
	19,43
	5,67

	8
	16,07
	2,84
	17,12
	2,94
	24,47
	3,99
	30,35
	5,46

	10
	21,53
	2,73
	23,00
	2,94
	31,08
	3,36
	37,07
	3,36



The data analysis showed that with an increase in the amount of air supplied over the same cracking time, the yield of light fractions increases by 15% in absolute terms (or more than 70% in relative terms). The activating effect of the oxygen in the air becomes even more evident when considering the dependence of the light fraction yield rate over time at varying air supply rates, which is observed as an increase in the light fraction yield rate by more than twice compared to cracking without air supply. The research results indicate that during the initial stage of the process (up to 6-8 minutes), the yield rate increases, after which it begins to decrease. This suggests a decrease in the cracking reaction rate relative to polymerisation and condensation reactions. Thus, at a temperature of 440 °C, the duration of the process during which light fraction recovery can proceed without a substantial increase in residue viscosity is approximately 10 minutes. As shown in Table 4, during this time, more than 35% by volume of light fractions can be obtained from the initial amount of bitumen, while the residual cracking product retains relatively low viscosity.
The structural and group composition of heavy residues and fractions (n.c. - 280°C) for activated and thermal cracking are presented in Table 5.
Table 5
The results of the study on the structural-group composition of the products of thermal cracking of bitumen with and without the addition of air at a temperature of 440°C.
	Hydrocarbons
	Composition, % mass.

	
	Without air
	With air

	The structural-group composition of the fraction (n.c.-280°C).

	Olefin hydrocarbons
	19,52
	13,68

	Paraffins, including:
	50,66
	67,85

	- Linear paraffins
	24,34
	40,37

	- Cycloparaffins
	8,90
	7,05

	- Isoparaffins 
	17,42
	20,43

	Aromatic hydrocarbons
	20,30
	16,10

	The group composition of the residue.

	Saturated hydrocarbons
	9,07
	7,5

	Aromatic hydrocarbons
	43,49
	48,41

	Resins
	16,39
	19,08

	Asphaltenes
	31,05
	25,01



Conclusions
1. Activation of the thermal cracking process with atmospheric oxygen significantly increases the rate of light fractions formation (up to 1.6 times) and reduces the process duration by 2–3 times, especially at temperatures of 430–440 °C.
2. Increasing the amount of supplied air has a positive effect on the volumetric yield of light fractions: at 440 °C, more than 35 vol.% was obtained within 10 minutes, which is 15% higher compared to the non-activated process. At the same time, the optimal properties of the heavy residue are maintained.
3. The composition of the obtained fractions indicates a predominance of paraffins in the light products and a decrease in asphaltene content in the residue, which confirms the efficiency of oxygen-activated cracking from both energy and technological standpoints.
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