


Preparation of feedstock (atmospheric residue) for the fluidized catalytic cracking (FCC) process: the case of the Zinder Refining Company (SORAZ)



Abstract:
This document presents a summary of the study on the preparation of a feedstock (atmospheric residue) from the RFCC unit (fluidized catalytic cracking process). The atmospheric residue, being the last cut drawn from the bottom of the atmospheric distillation column at a high boiling point > 350°C, may contain many impurities such as solids content, density, metal content, water content, residual carbon, etc. However, to ensure proper fluid catalytic cracking operation, it is necessary to characterize it in order to determine the appropriate type of preliminary treatment. Thus, the main objective of this study was to characterize the feedstock (atmospheric residue). In the environmental context, the characterization of the feedstock gave us an overall idea of its susceptibility to producing atmospheric pollutants such as SOX, COX, and NOX and allowed us to predict the severity of the cracking process in order to reduce the emission of these pollutants and limit coke formation. The characterization results, such as density at 15°C (925.52 kg/m³), residual carbon (6.842% mass), iron content (0.965 mg/kg), nickel content (24.905 mg/kg), vanadium content (0.385 mg/kg), lead content (0.09 mg/kg), copper content (0.06 mg/kg), calcium content (0.74 mg/kg), led to the conclusion that the FCC unit feedstock is ready to be sent to the FCC unit.
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Introduction  
Atmospheric residue or residual oil from the refining process, particularly from crude oil distillation, accounts for about one-third of the initial feedstock (crude oil) processed [1]. The heavy constituents (heavy metals) and complex compounds contained in atmospheric residue have a negative impact on the efficiency of processes used to recover it, such as thermal cracking, viscosity reduction, FCC, etc. This increases refining costs [2]. Numerous research studies have also shown that these heavy metals, sulfur, nitrogen, and oxygen have an impact on human health and the environment [3], [4], [5], [6].
Since the advent of the technological process (atmospheric distillation) for converting or transforming crude oil, which is a complex mixture of hydrocarbons, into petroleum fractions or cuts (finished and semi-finished products), refiners have always extracted a heavy, unconverted product from the bottom of the atmospheric distillation column; This is atmospheric residue (AR). AR is an oil cut with a high boiling point (>350°C) [7], [8], [9] and may contain various compounds that are harmful to humans and the environment. These harmful compounds include heteroatoms and heavy metals, which are responsible for various phenomena such as corrosion, rapid oxidation of fuels derived from RA, air pollution, etc. [5], [6], [10], [11]. 
However, with the increased demand for fuels lighter than AR, engineers in the refining industry embarked on extensive research to develop processes for recovering this residue while complying with environmental standards; this led to the emergence of catalytic cracking processes. The main objective of this study is therefore to characterize AR in order to validate its quality as feedstock for the fluid catalytic cracking (FCC) process. 
Characterization will enable us to determine the physical and chemical properties of the load, such as density at 15°C, solid content, water content, residual carbon content, sulfur content, metal content (vanadium, nickel, iron, calcium, etc.), etc. Determining these various properties is the specific objective of this study. Determining the sulfur, water, and metal content is part of the environmental context.
Characterization allows us to understand the consequences of these parameters on the efficiency of the unit, the reactivity of the load, etc. For example, the higher the density at 15°C, the heavier the feedstock (RA), the more metals it contains, and therefore the less reactive it is, resulting in low conversion and a tendency to form more coke, dry gases, and slurry during cracking [12], [13]. A high carbon content could lead to coke accumulation on the catalytic surfaces, resulting in rapid deactivation and decreased conversion, low gasoline selectivity, increased regeneration temperature (of the catalyst), and decreased feed throughput [14], [15]. A high content of metals such as nickel promotes the formation of hydrogen (H2) and coke and low gasoline yield [16], [17], and vanadium, which is highly mobile when hot. Its high content leads to low catalyst activity by forming vanadates and attacking the zeolite Y network, also leading to the formation of coke and dry gases, as well as reduced gasoline yield[18], [19], [20], iron, when present in the feedstock, causes clogging of the catalytic pores, which reduces/limits the diffusion of molecules within these pores, conversion, increases slurry and coke formation, and causes fluidization problems [19], [21]; copper, which is a powerful dehydrogenating poison, present in large quantities in the feedstock, has the same effect as nickel [22]; calcium, which neutralizes the acid sites of the catalyst and promotes increased coke formation, clogging, and conversion/selectivity losses [23]; Lead, whose high content in the feedstock causes rapid and irreversible catalyst deactivation [24], etc. This characterization will enable us to determine the different contents of these metals in the feedstock and predict the treatments required to comply with environmental standards.
However, only density, carbon content, and metal content will be determined and evaluated during this study.
I. Materiels and Methods
The atmospheric residue cracked at SORAZ as the FCC unit's main feedstock is a complex mixture of hydrocarbons, a heavy petroleum residue with a high molecular weight. This makes its cracking a little more complex when it is not of good quality. Hence the importance of characterizing it. In order to determine the essential characteristics of this feedstock (AR) feeding SORAZ's FCC unit, a number of equipment and techniques were employed.
To carry out this study, we used all the products and equipment detailed below:
· Python Software : 
All the data from this study was processed using this software. It is a high-performance software package for both numerical model resolution and experimental data processing.
· Density determination
The density of the atmospheric residue was also determined in the laboratory using a device known as a densimeter. This is a device for measuring the density of atmospheric residue (the load studied during this study) according to ASTM Method D4052. This is a test method for determining the density (mass per unit volume at a specified temperature) or relative density (ratio between the density of a material at a given temperature and the density of water at a given temperature) of petroleum distillates (atmospheric residue, for example) and viscous oils that can be handled in liquid form at experimental temperatures ranging from 15 to 35°C.
The determination of such a quantity (density) requires prior preparation of the apparatus. The preparation of the apparatus and the procedure followed during the experiment are detailed below.
· the density analyzer and constant-temperature bath are installed in accordance with the manufacturer's instructions;
· the bath or internal temperature control is adjusted so that the desired test temperature is established and maintained in the analyzer's sample compartment, then the instrument is calibrated at the same temperature as that at which the sample density is to be measured;
· the test temperature must be correctly set and accurately controlled in the sample tube, as an error of 0.1°C can result in a density change of 1 in the fourth decimal place;
· calibrate the instrument when it is first set up and whenever the test temperature is changed; 
· the sample tube is rinsed with petroleum naphtha, dried with acetone and then dried with dry air. The air used for calibration is then passed through an appropriate purification and drying train. The inlet and outlet ports of the U-tube are plugged when the calibration air is measured, to prevent the ingress of moist air;
· the dry air in the U-tube is allowed to reach thermal equilibrium with the test temperature and the T-value (oscillation period) of the air is recorded;
· using a syringe, 0.7 ml of redistilled reagent water (free of air or gas bubbles), freshly boiled and cooled, is introduced into the sample tube from the bottom opening;
· the display is allowed to reach a stable reading and the T value for the water is noted.
Air density () at test temperature is determined using equation Eq.1:         
                  (Eq.1)  
Where T is water temperature (°C) and P is operating pressure (kPa).
· Residual carbon content determination
The carbon residue content of petroleum products, in particular that of atmospheric residue (AR), was determined in the laboratory using a JH020711 apparatus designed for the Chinese GB/T 17144 method. The carbon residue content of atmospheric residue or petroleum products has been determined by the ASTM D4530 method. This technique determines the amount of carbon residue in petroleum products after evaporation and pyrolysis. It also provides information on the tendency of the products analyzed to form coke. 
The ASTM D 4530 method is equivalent to the ASTM D189 method for determining Conradson carbon residue. This method is applicable to petroleum products which partially decompose during atmospheric distillation, and whose residual carbon percentage ranges from 0.1 to 30%. Samples with a residual carbon content of less than 0.1% should be distilled to remove 90% (V/V) of the flask charge, and the remaining 10% used for residual carbon testing by the same method. Using this method, up to 12 samples can be analyzed simultaneously, including the control sample.
Thus, the analysis can be carried out as follows:
Four masses mf1, mf2, mf3 and mf4 of sample vials containing AR, slurry, diesel and petrol respectively, were weighed. Masses were recorded to the nearest 0.1 mg. To avoid loss or error in weighing, the vials were held in place with tongs. The vials containing AR and slurry were shaken and heated to 50°C give or take 10°C, to reduce their viscosity (ASTM D189 and D4030). After heating and shaking, the above four vials were placed (the position of each vial is noted in relation to the index) in the vial holder. This was placed in the furnace chamber at an initial temperature of less than 100°C. Nitrogen is purged for at least 10 min at 600 ml/min. The purge is then reduced to 150 ml/min and the furnace is slowly heated to 500°C at a rate of 10°C to 15°C per minute. Samples placed in the furnace undergo coking reactions. During these reactions, the volatile compounds formed are scavenged by nitrogen. The furnace is held at 500°C for 15 minutes. The furnace is then shut down and allowed to cool freely while it is purged with nitrogen at 600ml/min. When the furnace temperature drops below 250°C, the flask holder is removed from the furnace chamber, placed in a desiccator for further cooling and the nitrogen purge stopped. The nitrogen flow is maintained until the vial holder is completely removed from the oven. After cooling in the desiccator, the vials are weighed to the nearest 0.1 mg and recorded.
The residue obtained in each vial after calcination is the carbon residue, expressed as a percentage of the initial sample. 
For a given sample, residual carbon is determined by the following formula (Eq.2):
    (Eq.2)
With  the mass of the empty sample tube,  the mass of the sample tube containing the sample et  the mass of the sample tube containing the carbon residue.
· Determination of metals content
Metals content was determined in the laboratory using a RIPP 124-90. Metals are compounds generally found in crude oil and heavy oil residues (atmospheric residue, for example). This method can be used to determine the metal content of 14 trace elements such as Fe, Ni, Cu, V, Pb, Al, Ca, Mg, Na, K, Co, Mn et Zn, of the AR simultaneously by ICP/AES. With a 50g sample, it can determine 11 elements such as Fe, Ni, Cu, V, Pb, Al, Ca, Mg, Na, K and Co, with a minimum content of 0.25 ppm and 3 elements such as Mg, Zn et Mn with a minimum content of 0.05 ppm. It is a PS-4 plasma emission spectrograph manufactured by the American company BAIRD whose characteristics and operating variables are listed as follows:
· High-frequency generator: incident power 1.25 KW ;
· Return power less than 5W;
· Working gas: argon purity quotient 99.996%;
· Pressure 150lb/in (10.342bar);
· Plasma gas flow: 0.69 L/min;
· Cooling gas flow: 8.11L/M ;
· Carrier gas flow: 0.5L/min : 8.11 L/M ;
· Carrier gas flow: 0.5 L/min;
· Peristaltic pump: CSA ;
· Speed 750 rpm;
· Meinhard sprayer, cyclonic chamber, plasmatorch observed altitude 6.74 (instrumental reading);
· Computer: PDP11/23+, PLASMA COMP III software system; 
· Printer: LA100 and Terminal: DIGITAL VT240.
The procedure followed during the experimental test using this technique can be described as follows: 
Using a balance accurate to 0.1g, 50g of AR is measured into a beaker. The beaker containing the sample is placed in an electric furnace and heated until the AR is completely calcined. The ashes are recovered and placed in a high-temperature furnace to burn off all the carbon residue. Once the carbon residue has been completely burned off, the beaker is removed and cooled. The beaker is wetted with a small quantity of water, then 10 ml of 1:1 nitric acid and 3 ml of 1:1 hydrochloric acid are added along the wall of the beaker. The beaker is then placed on the adjustable electric furnace and slowly heated to dissolve the ash. When the acid liquor has evaporated to 2-3 ml, it is transferred to a 25 ml per ratio measuring flask, diluted to the scale mark and finally stored in a PVC plastic bottle.
II. Results and discussion
Since atmospheric residue is a very important feedstock or raw material for fluidized catalytic cracking units, knowledge of its properties plays a very important role in the proper functioning of such units, especially in terms of the quality of the resulting products. Therefore, characterizing this residue is imperative. 
Table I shows the density at 15°C and the residual carbon content  of the feedstock (AR) of the FCC unit.
Table I: density and residual carbon content of AR
	Parameters
	Density at 15℃ (kg/m³)
	Carbon content (% mass)

	Methods 
	ASTM D5002
	ASTM D4530

	Day 1
	926.6
	6.79

	Day 2
	926.3
	6.29

	Day 3
	926.1
	7.00

	Day 4
	925.9
	6.90

	Day 5
	925.9
	6.90

	Day 6
	925.1
	6.52

	Day 7
	924.0
	7.37

	Day 8
	923.3
	6.58

	Day 9
	925.5
	6.74

	Day 10
	926.5
	7.33

	Maximum values
	926.60
	7.37

	Minimum values
	923.30
	6.29

	Average values
	925.52
	6.842


National and international specifications require a density of less than or equal to 1000 kg/m³ and a residual carbon content of between 5% and 10% for medium-weight, good-quality AR. Analysis of Table I shows that the (average) density at 15°C and the (average) residual carbon content of the AR studied were 925.52 kg/m³ and 6.842% (%mass) respectively, meaning that this AR is of good quality. This allowed us to conclude that it may have a low metal content and that its cracking may lead to better yields of light hydrocarbons. Its density also allowed us to conclude that it is a medium-heavy AR containing a low amount of metals. This is because the higher the density, the heavier the charge (AR) and the more metals it contains, making it less reactive, which leads to low conversion. As a result, it tends to form more coke, dry gases, and slurry during cracking [12], [13]. As for its carbon content (6.842%), it is comparable to the contents obtained by [1] and [12], (7.54%) and (8.38% for the residue from Kazakhstan) respectively. Other studies [9], [20], [25], [26], [27] reported in the literature have also reported results similar to those obtained in this study. The residual carbon content should not be too high, as is the case for certain residues (17.5%; 19.9%; 25.2; 27.05%, etc.) studied by [12]. This is because, when elevated, it could lead to coke accumulation on catalytic surfaces, resulting in rapid deactivation and reduced conversion; it also leads to low gasoline selectivity, increased regeneration temperature (of the catalyst), and reduced feed throughput [14], [15]. We can therefore conclude that the AR studied is of good quality and can feed the FCC unit with less risk of premature equipment corrosion, rapid catalyst deactivation, high coke rates, low product yields (particularly gasoline selectivity), etc.
In order to better understand whether there is any interaction between density at 15°C, residual carbon content, and sampling days, we plotted the variation curves of the first two parameters as a function of days (Figure 1).
[image: ]
Figure 1: profiles of variation in carbon content and density according to the days
Analysis of Figure 1 shows that the change in density and residual carbon content is not particularly significant. The variation in these parameters is not noticeable in the figure due to the slight difference between the values obtained. As reported in the literature, these parameters therefore depend solely on the nature of the crude oil from which the sample studied (atmospheric residue) originates. This seems obvious since the samples analyzed during these 10 days come from crude oil extracted from the same oil field. 
Table I shows the mass proportions (average contents) in which traces of six (6) metals present in AR were determined. This table also shows reference values reported in the literature.
Analysis of Table I shows that the metal contents determined comply with the reference standards. In fact, these contents are all very low compared to the specification standards, except for the nickel content (24.905 mg/kg), which is significantly higher than the other values determined.  Thus, it can be said that the atmospheric residue studied has a low overall metal content, which allows it to be classified among FCC feeds that can lead to good yields of light hydrocarbons with high commercial value. These results also make it possible to predict the degree and/or coefficient of metal contamination. Given the values obtained, the probability that these metals will have high contamination coefficients (CF) is very low. This prediction is consistent with numerous studies reported in the literature [11], [28], [29], [30], [31]. These metals are present in the following proportions: Pb <Cu< V< Ca< Fe< Ni.
Table II: AR metal content and specification standards
	Metals 
	Experimental values (mg/kg)
	Specification standards (mg/kg)
	References

	Fe 
	0.965
	5-200
	[32], [33]

	Ni
	24.905
	2-200
	[32], [34]

	V
	0.385
	3-1400
	[35], [36]

	Cu 
	0.9
	1-50
	[30], [37]

	Pb 
	0.06
	1-50
	[30], [38]

	Ca 
	0.74
	1-100
	[33], [39]


[bookmark: _Toc221626017]Our results are also comparable to those of numerous researchers who have determined the concentrations of these six metals and found that the values obtained fall within well-defined ranges, as illustrated in Table III.
Table III: AR metal content and specification standards
	Metals
	Experimental values (mg/kg)
	Specification values (mg/kg)
	References

	Fe 
	0.965
	0.6-30
	[40]

	Ni
	24.905
	1-200
	[32], [34], [39], [40], [42]

	V
	0.385
	<1-100
	
[40], [41]

	Cu 
	0.09
	<1-5 (often <1)
	[42]

	Pb 
	0.06
	≤1 (often undetected)
	[40], [43]

	Ca 
	0.74
	1-100
	[33], [39]


Analysis of Tables II and III shows that the load (atmospheric residue) studied mainly contains six (6) metals in the various proportions indicated above. 
Analysis of Tables II and III also allowed us to observe that only six of the 14 metals that the device was supposed to detect were detected. Thus, the detection of these six metals, including Fe, Ni, V, Pb, Cu, and Ca, only in the load (atmospheric residue) is due to the calibration of the device (it was calibrated to determine only these six metals). As already mentioned in the previous paragraph, the nickel content (24.905 mg/kg) is the highest compared to the other contents determined. Numerous studies [8], [26], [41], [44], [45] have focused heavily on the presence of nickel and vanadium in heavy oil feeds, particularly atmospheric residue. However, in general, the values obtained are low. This is desirable. It reduces the risk of ecological and environmental contamination from metals. High metal content has a huge impact on FCC performance, for example. High nickel content promotes the formation of hydrogen (H2) and coke and low gasoline yield [16], [17]. Vanadium, which is highly mobile when hot, has a high content that leads to low catalyst activity by forming vanadates and attacking the zeolite Y network, also leading to the formation of coke and dry gases, as well as a decrease in gasoline yield [18], [19], [20]. When iron is present in large quantities in the AR, it causes catalytic pore clogging, which reduces/limits the diffusion of molecules within these pores, thereby decreasing conversion, increasing slurry and coke formation, and causing fluidization problems [19], [21]. Copper, which is a powerful dehydrogenating poison, has the same effect as nickel when present in large quantities in the AR [22]. High calcium content neutralizes the acid sites of the catalyst and promotes coke buildup, clogging, and conversion/selectivity losses [23]. Lead, due to its high content in the filler, causes rapid and irreversible deactivation of the catalyst [24]. To this end, the results obtained (low metal content) suggest that the use of this feedstock (AR studied) will have no significant consequences in ecological, environmental, or industrial terms (FCC unit performance, conversion, or product yields in particular). 
In addition to these advantages of using such high-quality feedstock, there are also increased product yields, improved product quality, slower equipment corrosion, and increased catalyst life (in the case of the FCC unit), thus preventing rapid catalyst deactivation. During his work, Hamid [1] determined the iron (1.11 mg/kg), nickel (9.98 mg/kg), and vanadium (34.40 mg/kg) contents of the atmospheric residue (Arabian Light). His results show that the residue he studied contains less nickel but more vanadium and iron than the atmospheric residue studied in this study. In both cases, the sum of the Ni + V contents is strictly less than 50 mg/kg. Thus, the residue studied complies with the standards in terms of metal content.
In light of the above, we can say that the AR studied contains almost negligible traces of metals and has acceptable physical and chemical properties. It is therefore a high-quality atmospheric residue (in the case of SORAZ) that is easy to recover through fluidized catalytic cracking (FCC) to produce light hydrocarbons (particularly gasoline, diesel, and LPG), compared to other residues studied and reported in the literature.
III. Conclusion 
The characterization of the atmospheric residue carried out during this study enabled us to determine some of the essential parameters, although it is not exhaustive. It enabled us to determine the physicochemical properties of the feedstock, such as density at 15°C (average 925.52 kg/m3), residual carbon content (average 6.842%), and metal content, such as iron (0.965 mg/kg), nickel (24.905 mg/kg), vanadium (0.385 mg/kg), etc. These parameters are among the most essential to determine for a feedstock for a catalytic cracking unit such as atmospheric residue, and their values are in line with specification standards, which has allowed this feedstock to be classified as a good quality FCC feedstock. As a result, the adverse impact on the cracking process, the environment, and the quality of the resulting products is minimal. The results also allowed us to conclude that the metal contents determined in the atmospheric residue studied have a low degree of contamination. This has earned Niger's atmospheric residue exceptional quality, making it much more competitive on international markets.
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