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Abstract
Cracked heavy gasoline from SORAZ contains hydrocarbons and trace pollutants that release toxic emissions upon combustion. Ensuring its physicochemical quality is essential for environmental safety and energy performance. This document presents a summary of the study on the characterization and evaluation of gasoline produced by the RFCC unit (fluidized bed catalytic cracking process) using atmospheric residue as feedstock. Gasoline produced from the cracking of atmospheric residue is one of the most important products or light hydrocarbons from both an economic and energy perspective. It generally has a lower molecular weight than that of diesel and atmospheric residue. However, it must possess physicochemical properties (notably octane number) that meet national and international specifications. However, it may contain impurities such as metals, water, sulfur, mercaptan sulfur, etc. It was therefore necessary to ensure the quality of this gasoline and to plan for appropriate additional treatments to be performed at the FCC unit’s outlet. Thus, the main objective of this study was to evaluate the quality of this gasoline through its characterization. This study is particularly relevant in the context of environmental and energy issues. It provided us with a comprehensive understanding of the fuel’s susceptibility to atmospheric pollutants such as SOx, COx, and NOx during combustion, and also allowed us to predict the severity of additional treatments required to reduce emissions of these pollutants, as well as to improve certain of its physicochemical properties, particularly the octane rating. The results of its characterization showed that the average density at 15°C was 730.809 kg/m³, the average mercaptan sulfur content was 9 ppm, the average sulfur content was 640 ppm, the average vapor pressure was 76.47 kPa, and the average octane number was 90.05. This study also showed that the gasoline sample had average contents of 21.8% (v/v), 39.4% (v/v), and 38.8% (v/v) for aromatics, olefins, and saturates, respectively. These results allowed us to conclude that this gasoline is of acceptable quality. However, it cannot be released for sale before undergoing additional treatments such as catalytic reforming to improve its octane number and hydrotreating to reduce its sulfur content in order to limit the production of air pollutants.
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I. Introduction 
For several decades, demand for petroleum particularly for light hydrocarbons, especially gasoline has been steadily increasing in developing countries. According to Criqui and colleagues (1998) [1], this demand will continue to grow exponentially through 2030. Particularly in Africa, the use of light hydrocarbons especially gasoline is becoming an undeniable reality and an unprecedented necessity. Thus, in Niger, demand for light hydrocarbons (including gasoline, for example) could exceed the threshold by 2030.
Generally speaking, gasoline is a refined petroleum product among the lighter fractions, consisting of a complex mixture of certain volatile and flammable compounds, used as fuel for internal combustion engines [2], containing 4 to 12 carbon atoms, as well as additives and formulation agents. Thus, in gasoline-based fuels, volatility and octane rating [2], [3], [4], [5], [6], [7]. 
Cracked heavy gasoline (i.e., produced in the fluid catalytic cracking [FCC] unit) accounts for the largest volume of gasoline produced by the Zinder Refining Company (SORAZ) [8]. This is a petroleum product containing hydrocarbons with carbon atoms ranging from C7 to C10/11, which may also contain air pollutants such as sulfur (S), nitrogen (N), and oxygen (O), as well as trace amounts of heavy metals such as nickel (Ni), vanadium (V), lead (Pb), etc. Once these compounds are present in gasoline or other fuels, their combustion generates and releases into the atmosphere compounds such as SOX, NOX, COX, and volatile organic compounds (VOCs), which are highly toxic, harmful to human health, and responsible for acid rain once they come into contact with moisture (H₂O) in the atmosphere, thereby degrading the environment. The negative impact of these compounds has been studied and demonstrated by numerous researchers [9], [10], [11], [12], [13], [14], [15], [16], [17], [18]. However, from an environmental perspective, gasoline must comply with commercial standards regarding quality, specifically its physicochemical properties to ensure environmental safety and meet energy demands. It is in this context that the primary objective of this study is to characterize and evaluate (including quality) the heavy gasoline produced by SORAZ’s RFCC unit.
However, it is important to note that the product (gasoline from the FCC unit) under study is derived from the cracking of the atmospheric residue studied by Amadou and colleagues [19].
II. Materials and methods
This section describes the materials and methods used in this study.
II.1 Materials and products
Various materials were used in this study, as well as the glassware available in the SORAZ laboratory for sampling.
The products used during this study can be summarized as follows:
· Cracked heavy naphtha (characterized and evaluated product);
· Naphtha for washing/rinsing the glassware;
· Acetone for rinsing and drying the tubes;
· Distilled water;
·  Etc.
II.2 Methods
Most of the methods and/or techniques used in this study are ASTM methods and equivalents Chinese standards available in the SORAZ laboratory catalog.
II.2.1 Determination of density at 15°C
The apparatus used to determine the density of gasoline is nearly identical to that used to determine the density of other petroleum products such as atmospheric residue, diesel fuel, and crude oil. The procedure is the same for all light hydrocarbons (gasoline, diesel fuel), with the exception of LPG. Density is measured according to the ASTM D4052 method. In their work, Amadou and colleagues [17] used the same technique, equipment, and procedure (ASTM D4052) to determine the density of heavy diesel fuel from the fluidized-bed catalytic cracking unit. 

II.2.2 Corrosion Testing
Copper strip corrosion is generally determined for diesel fuel. This property is determined using the ASTM D130-94 standard method at 50°C, employing an automatic testing machine of the GT/T 5096- JH 011401 type, copper strips, and an ASTM reading scale with a reference value of ≤ 0.9. This technique is used to determine copper strip corrosion for various products such as aviation gasoline, regular gasoline, automotive gasoline, fuel oil, diesel fuel, etc. 
For aviation gasoline and jet fuel, pour 30 mL of a clear, water-free sample into the tube. Then immerse the clean, well-polished copper disc in the tube containing the sample for one minute and securely close the lid. Completely immerse the sample disc in a hot water bath maintained at a constant temperature of 100±1°C. Remove the sample pellet from the bath after 2 h ± 5 min and rinse it with tap water for a few minutes. Afterward, open the sample pellet and remove the tube containing the sample and the plate. Immediately remove the slide and check its color. 
For measuring corrosion in natural gasoline, the same technique used previously is applied, but with heating at 40±1°C for 3h±5 min.
Corrosion on the copper slide for automotive gasoline was measured following the protocol below: 
The completely clear sample, containing no significant amount of water, was poured into a tube up to the 30-ml mark. Next, a clean, polished copper strip was immersed in the sample for one minute. The tube containing the test sample was sealed with a cork stopper having a vent hole (the hole can be made manually with a diameter of 3 mm) and placed in a water bath maintained at a temperature of 50 ± 1°C for 3 h ± 5 min, while ensuring that the contents were not exposed to intense light. After this test, the slide was removed from the tube, immersed in the washing solution, and the washing solution was blotted from the copper slide using quantitative filter paper; the color of the slide was then analyzed against standard corrosion color charts.
To analyze the corrosion of the copper slide by naphtha and kerosene solvents, the previous technique was used, but the water bath was maintained at a temperature of 100±1°C.
However, the copper slide was prepared as follows: First, a flat surface was selected, then a piece of sandpaper was placed on it and moistened with a cleaning solvent. The slide was rotated so that it rubbed against the sandpaper properly. It was held with tweezers to prevent contact with the fingers. To ensure proper polishing of the slide, a piece of absorbent cotton was used. After polishing, it was immediately immersed in the sample. 
II.2.3 Determination of mercaptan sulfur content
Like sulfur, mercaptan sulfur is one of the compound that is highly hazardous to humans and the environment. When present in fuel (gasoline), it contributes to the formation of air pollutants, carbon monoxide, and CO₂, which is a greenhouse gas [20], [21], [22]. Therefore, determining the mercaptan sulfur content is necessary for gasoline quality control and the protection of the environment, as well as human health. This parameter was determined using the ASTM D3277 method at the SORAZ laboratory.
II.2.4 Determination of vapor pressure
This characteristic is primarily determined for gasoline at the SORAZ laboratory using the ASTM D5191 mini-method. This method covers the use of automatic instruments to determine the total vapor pressure exerted by volatile liquid products containing air in a vacuum. The boiling points of the samples are > 0°C, and the vapor pressure (VP) ranges from 7 to 130 kPa at 37.8°C at a vapor-to-liquid ratio of 4:1. Traces of water dissolved in the samples are negligible. The sample size for the test ranges from 1 to 10 mL, and the method is suitable for calculating the DVPE (Dry Vapor Pressure Equivalent) for gasoline (Eq. 1).
             (Eq.1)
The instrument used in this study is a Setavap 2 device. It is used to determine the vapor pressure of gasoline, as well as that of products such as solvents, light hydrocarbons, and other similar substances. It is an automatic device that analyzes samples according to the ASTM D5191 mini-method. During the test, the device emits a sound to signal to the operator that they should proceed to the next step. It can display results as total pressure (TP), equivalent dry vapor pressure (EDVP), EPA requirements, or Reid (raw) using preprogrammed correlation equations. 
To determine the vapor pressure of a given sample, follow this test procedure:
· Lower the sample temperature to between 0 and 1 °C;
· Place the container at the bottom of the apparatus to collect the evaporated sample;
· Turn on the apparatus, start the vacuum pump, and then follow the instructions specified in the method. 
II.2.5 Determination of PONA Composition
The determination of the composition or content of compounds such as saturates (paraffins and naphthenes), olefins, and aromatics in motor gasoline, which are classified as essential light hydrocarbons under SORAZ is critical for compliance with marketing standards. The PONA composition was determined in the laboratory using two types of equipment manual (Figure 1.a) and automatic (Figure 1.b), according to the GB/T11132 method, which is one of the Chinese standards.
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Figure 1: PONA characterization systems (a-manual system and b-automatic system)
As shown in Figure 1, the determination of PONA composition can be performed manually or automatically. However, while the sample preparation method is the same, the procedures differ, as does the duration of the test (at least 5 hours for the manual method and 1 hour for the automatic method). The difference in accuracy between these two methods is not significant. 
Thus, the procedure for manual determination that was followed includes the following essential steps:
· Wipe down the absorption column with a damp cloth to remove static electricity ;
· Turn on the host unit, close air controls 1 and 2, hold the “Wash” button in the closed position (at a high level), and turn on the washing device ;
· Connect the small ground seal filled with absorbent cotton to the ground seal located at the bottom of the absorption column. Tighten the seal and activate the vibration ;
· Fill the column with silica gel using a small spoon or a clean filter paper. When it reaches halfway up the separation section, stop the vibration and add a small amount of colored silica gel (about 2 to 3 mm high). Turn on the vibration and fill the silica gel. When halfway up the filling section is reached, continue vibrating for 4 minutes before stopping the vibration ; 
· Draw up 0.75 mL of sample using a syringe and slowly inject it 30 mm below the silica gel. Add isopropanol to the ball joint, connect it to the large ground joint that has already been connected to a silica gel tube at the top of the absorption column, and tighten the joint ; 
· Turn air controls 1 and 2 clockwise. Maintain for 2 to 3 minutes after reaching 0.015 MPa (15 kPa) and 0.035 MPa (35 kPa), respectively. Then adjust the pressure to an appropriate level (generally around 50 kPa) and turn on the lighting ;
· Test and mark the various interfaces separating the different fractions of the compounds according to the GB/T11132 method (two markings were made) ;
· After the test, turn off the lighting, close air controls 1 and 2, remove the clamps and ground seals at both ends of the absorption column, and place a beaker under the absorption column ; 
· Insert a stainless steel capillary tube and the thin hose at one end of the silica gel T-fitting (for washing) into the filling section of the absorption column. Turn on the washing device and press the “Wash” button on the host (at the lower level). Water will then flow out of the stainless steel capillary tube. When there is water in the filling section of the absorption column, pinch the other thick silica gel tube so that the silica gel and water can be drawn into the capillary tube. When the water overflows, turn off the “Wash” function on the host and stop filling the absorption column with water. Pinch the thick silica gel tube to absorb the silica gel and water. Move the stainless steel capillary tube up and down, press “Wash” to fill with water, then absorb the silica gel and water. Repeat the above steps until all the silica gel in the absorption column has been absorbed ; 
· Turn off the host and the washing device completely, remove the stainless steel capillary tube and the silica gel tube, and wash them with acetone. 
The volume percentages of each hydrocarbon group were calculated using Equations (Eq.2), (Eq.3) and (Eq.4) to within 0.1 % (v/v), as shown below: 
                    (Eq.2)
                    (Eq.3)
                     (Eq.4)
Where :
, is the volume percentage of aromatic hydrocarbons, in %(v/v); 
, is the volume percentage of olefins, in %(v/v); 
, is the volume percentage of saturated hydrocarbons, in %(v/v); 
, is the length of the aromatic hydrocarbon reel, in mm; 
, is the length of the hydrocarbon reel, in mm; 
, is the length of the saturated hydrocarbon region, in mm; 
, is the sum of the lengths LA, LO  et  LS, L= LA + LO + LS.
To determine the final composition of saturated, olefinic, and aromatic hydrocarbons, the average of the calculation results for each type of hydrocarbon was calculated. 
It is important to note that, if necessary, the method recommends adjusting the test results for the component with the highest concentration so that the sum of all components equals 100% (v/v).
II.2.6 Determination of the octane number
The octane rating of fuel (gasoline) can be defined as a characteristic that determines its resistance to spontaneous ignition. Thus, it measures the fuel’s resistance to knocking [23]; It can thus be considered one of the main characteristics of gasoline and one of the most important parameters for determining (or controlling) fuel quality. This obviously makes it possible to predict and resolve the problem of knocking [2], [4], [21], [23], [24], [25], [26]. During fuel combustion in a spark-ignition engine, when the vapors reach certain pressure and temperature conditions, they can suddenly self-ignite before reaching the combustion chamber, resulting in engine knocking (knock or detonation). However, severe knocking can have serious consequences on engine performance, such as cylinder head gasket failure, erosion of the piston and cylinder head, breakage of piston rings and pins, damage to spark plugs and valves, as well as reduced engine power and compression. Therefore, for optimal engine performance, the use of high-quality gasoline (which does not cause knocking) is essential (ASTM D2700 and ASTM D2699-02). 
In an engine (such as a CFR engine), knocking occurs more readily when pressure and vapor pressure are high (high compression ratio, high intake pressure and temperature, combustion chamber shape, etc.). Thus, for fuel, this phenomenon occurs more readily when its resistance to self-ignition is low. This resistance to self-ignition is called the octane rating and depends primarily on the chemical composition of the fuel. The octane rating is a characteristic (numerical value) that describes the anti-knock property of a given gasoline during combustion in an engine. The higher the rating, the better the anti-knock property (for example, gasoline with an octane rating of 95 is more effective than that of 91). However, there are two methods for measuring or determining this characteristic: RON (Research Octane Number at 600 rpm) and MON (Motor Octane Number at 900 rpm). The chemical composition and the compression ratio are the main factors influencing the fuel’s anti-knock properties (ASTM D2700 and ASTM D2699-02). 
The octane rating of gasoline is determined in the laboratory using a CFR engine in accordance with ASTM D2699-02/2700. The determination procedure is complex and requires sufficient expertise to perform. The first step is to start the CFR engine to allow it to reach operating conditions. The engine startup procedure requires strict adherence to and application of the startup instructions. While waiting for it to be ready for analysis, the test samples are prepared through a process called blending.
II.2.7 Determination of sulfur content
Sulfur, present in significant quantities in crude oil, petroleum fractions (light or heavy), or even in gases (especially LPG), is an undesirable compound in these materials [15], [16], [27]. In fact, it is classified as one of the main poisons for catalysts and is also responsible for corrosion of refinery equipment. Present in the form of hydrogen sulfide or mercaptans in petroleum products, sulfur crystallizes at low temperatures and thus clogs channels in refinery facilities.
The sulfur content thus becomes a key factor in evaluating crude oil and its derivatives.  It is determined using the ASTM D7039/D129 method, which combines the ASTM D1193 and D1552 methods, using Sindie CL (XOS), Sindie XR (XOS), and EA5000 instruments, depending on the sample being analyzed. However, it does not apply to samples containing elements that produce residues, other than barium sulfate, which are insoluble in dilute hydrochloric acid and would interfere with the precipitation step. These interfering elements include iron, aluminum, calcium, silicon, and lead, which are sometimes present in greases, lubricating oil additives, or additive oils. Other acid-insoluble materials that interfere include silica, molybdenum disulfide, asbestos, mica, etc. The test method is not applicable to used oils containing wear metals and lead or silicates resulting from contamination. Excluded samples may be analyzed using the ASTM D1552 (ASTM D129) test method.
II.2.8 Distillation 
Distillation is used to determine a product’s distillation range and is a method specified in ASTM D86 (D86-06). Both automatic and manual distillers are available.
The procedure used in this study for automatic distillation is that described in the ASTM D86 method.
However, to validate the results, certain calculations and corrections were performed.
The correction of the thermometer for atmospheric pressure was performed using the Sydney Young equation (Eq.5):
 (Eq.5)
Where Cc is the algebraic correction of the reading to within 0.5°C; 
Tc is the observed temperature;
Pk is the observed barometric pressure in the room in kPa;
Similarly, the loss correction can be obtained by applying the following formula (Eq.6):               
        (Eq.6)
Where L and Lc represent the observed loss and the loss correction, respectively.
Equation (Eq.7) for calculating the corresponding recovery percentage is defined as:
                           (Eq.7)
Where R is the recovery percentage and Rc is the corrected recovery percentage.
The evaporation percentage was determined at a specific measured temperature by adding the evaporation loss to the recovery percentage observed at that temperature. It is denoted by Pe and was determined using Equation (Eq.8):
                          (Eq.8)
Where % is the percentage recovered.
To determine the evaporation temperature for a given evaporation volume, when temperature data are missing for the evaporation percentage to within 0.1% (ml), it can be determined using either an arithmetic or graphical method. Thus, the algebraic formula is given by Equation (Eq.9): 
              (Eq.9)
Where T is the evaporated temperature at the given percentage of evaporation;
R is the recovered percentage at the given percentage of evaporation;
RL is the recovered percentage immediately below R;
RH is the recovered percentage immediately above R;
TL is the temperature observed at RL;
TH is the temperature observed at RH.
III. Results and Discussion
Cracked heavy naphtha is typically a white (heavy) product from the FCC unit; it is an intermediate product that requires further purification or quality-enhancement processing. Upon exiting the FCC unit, this product has a low octane rating, which prevents it from being delivered directly to consumers. 
Gasoline produced via the FCC process can be obtained by the catalytic cracking of high-molecular-weight hydrocarbons derived from the Fischer-Tropsch synthesis, which still contain 5 to 20% by weight of n-paraffins and may undergo aromatic or olefin extraction processes if necessary to improve its octane rating. Additives such as MTBE, ETBE, and alcohols are often added to increase the octane rating, although they present some drawbacks, namely reduced engine performance, groundwater contamination, and increased emissions of air pollutants [24]. Thus, to meet commercial specifications, gasoline produced by FCC must be sent to the catalytic reforming unit, where its octane rating is improved and its sulfur content is reduced. In this study, we were interested in the characteristics of the cracked gasoline at the inlet of the catalytic reformer. Table 1 shows the key characteristics of the heavy gasoline at the outlet of the catalytic cracking unit. However, these values represent the average, minimum, and maximum values from 8 days of experimentation.
Table 1: Physicochemical properties of gasoline from FCC unit
	Parameters
	Density at 15°C (kg/m3)
	Corrosion
	Sulfur
Mercaptan (ppm)
	Vapor pressure (kPa)
	Octane rating (-)
	Sulfur content (ppm)

	Value Max
	736.90
	0
	10
	79.20
	90.10
	680

	Value Min
	728.10
	0
	8
	73.90
	90.00
	570

	Value Moy
	730.809
	0
	9
	76.4733
	90.05
	640


 
The reference density of gasoline at 15°C is 730 kg/m³, as mentioned in numerous studies [8], [16], [18], [27], [28], [29], [30], [31], [32] cited in the literature. Thus, given that the required density value can range from 730 to 780 kg/m³, the average value of 730.809 kg/m³ found falls within the range specified by the standards. Therefore, the gasoline studied has an acceptable density.
[bookmark: _Toc203665111]An analysis of Table 1 shows that FCC gasoline does not meet the standards in terms of average octane rating, with a value of 90.05, which is lower than the 91 required by national and international specifications [24]. This result may be related to the PONA composition [4]. Indeed, using an octane rating of 95 provides better engine performance than an octane rating of 90. This particularly reduces or prevents the problem of engine knocking [4], [21], [24], [25]. Furthermore, the octane rating provides information on resistance to auto-ignition. This phenomenon occurs when the temperature of the fuel-air mixture, under the effect of compression, in turn causes a sufficiently significant auto-detonation of the mixture without the aid of a pilot flame. Auto-detonation can generate pressure pulses in the engine cylinder and lead to increased fuel consumption, reduced engine performance, or even engine damage [4]. Thus, improving the octane rating becomes imperative. This led us to conclude that the octane rating of the gasoline under study must be improved to reach the required value. Thus, apart from copper strip corrosion and mercaptan sulfur content which meet national and international specifications the average sulfur content of 640 ppm ≤ 10 or less than 50 ppm, as reported in several studies [20], [22], [33], [34], [35], [36], [37], [38], and those of ECOWAS, the gasoline does not meet the standards. Thus, the gasoline obtained cannot be released for consumption. However, it must undergo appropriate additional treatments (hydroprocessing, reforming, etc.) to improve its quality. Similarly, these results indicate that this RFCC gasoline is of acceptable quality despite the additional treatments it must undergo. However, as it is gasoline derived from FCC, there is a specifically defined range (from 1,000 ppm to 2,000 ppm) reported by [37] within which its sulfur content must fall prior to desulfurization treatment aimed at reducing it. Thus, based on this reference range, we can conclude that gasoline meeting these criteria has a low sulfur content; therefore, extensive desulfurization is not necessary to produce commercial gasoline with a sulfur content of 10 ppm or less, or 50 ppm, as required by international standards and ECOWAS (or national) standards, respectively. Indeed, when the sulfur content exceeds the required specifications, its use in engines results in the formation of compounds classified as air pollutants, which are harmful to human health and, above all, destructive to the environment [20], [22], [33], [34], [35], [37], [39], [39]. To better understand the trends in the parameters of cracked heavy gasoline, we plotted the curves shown in Figure 2 using the data in Table 2.
Table 2: physicochemical properties of FCC heavy naphtha
	Days
	Density at 15°C (kg/m3)
	Sulfur content (ppm)
	Octane rating

	Day1
	730.10
	680
	90.0

	Day2
	736.90
	650
	90.1

	Day3
	732.10
	650
	90.0

	Day4
	731.80
	660
	90.0

	Day5
	730.80
	630
	90.1

	Day6
	732.50
	630
	90.0

	Day7
	730.60
	630
	90.1

	Day8
	732.10
	640
	90.1


Figure 2 shows the variation profiles of three parameters (density, sulfur content, and octane number) over the days of analysis.
[image: ]
Figure 2: Variations in density, sulfur content, and octane rating by day
[bookmark: _Toc203665112]The variation curves for the above parameters (Figure 2) only confirm the observations and interpretations made in the previous paragraph. In fact, none of the parameters studied actually varies significantly from day to day. However, to highlight the correlation (if any) between density, sulfur content, and the octane number—which is the target characteristic—we analyzed Table 2 above. This analysis allowed us to observe that there is no significant variation in the octane number based on density (at 15°C) and sulfur content. These parameters change independently of one another. This could be explained by the fact that, originally, these parameters (density and sulfur content) do not have a significant influence on the octane number. The latter can therefore only vary depending on the efficiency of the cracking operation or the performance of the FCC unit, and thus on the different types of reactions that occur during the cracking of the feedstock (atmospheric residue). Thus, if, according to the literature, the octane number can be improved by isomerization of the molecules present in the gasoline composition, then said number may depend on the PONA composition (Paraffins, Olefins, Naphthenes, and Aromatics), particularly the fraction of aromatics in the gasoline.
To verify the validity of the preceding interpretations, we also plotted the ASTM distillation curve (ASTM D86) for the same gasoline (Figure 3) using the values shown in Table 3. 
Table 3: ASTM D86 distillation data for cracked heavy gasoline
	Température (°C)
	Volume (%)

	32.13
	0

	43.16
	10

	92.23
	50

	183.38
	90

	209.41
	100


However, these are the average values derived from several days’ worth of analytical data (over a two-month period). This data allowed us to plot the distillation curve (Figure 3).
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[bookmark: _Toc203665279]Figure 3: Distillation curve of FCC gasoline according to ASTM D86
ASTM distillation curves, like TBP distillation curves, play a key role in characterizing petroleum fractions [40], particularly FCC gasoline. This is because they provide a wealth of important qualitative and quantitative information on complex mixtures [40], on crude oil or petroleum fractions such as atmospheric residues, vacuum residues, diesel, gasoline, etc. [40], [41], [42], [43], [44]. Distillation yields a curve representing the boiling temperature of the liquid mixture as a function of the volume of distillate recovered at a given pressure [40], [44]. Thus, analysis of this curve (Figure 3) revealed that its profile differs from those of crude oil and diesel distillation curves, exhibiting two clearly visible phases marked by an inflection point at coordinates (50%, 92.23°C). The first phase ranges from 0 to 50%, representing the light fraction of gasoline composed of C5 and C6 hydrocarbons, and the second phase, ranging from 50% to 100%, is composed of hydrocarbons ranging from C7 to C12. This is consistent with the hypothesis that heavy gasoline (particularly FCC gasoline) is generally composed of the light fraction (C5 and C6 hydrocarbons) and the heavy fraction (C7 to C12 hydrocarbons). This analysis also allowed us to observe that the gasoline studied here contains equal amounts of light and heavy hydrocarbons. This may be related to its PONA composition or its impurity content (sulfur content, mercaptans, etc.), or even to the precision of the method. It would therefore be preferable to determine its PONA composition and use highly correlated methods to obtain much more precise information, particularly regarding the fuel’s volatility. 
However, distillation characteristics and thus the volatility of hydrocarbons have a significant impact on their safety and performance, particularly in the case of fuels and solvents. Thus, the boiling range provides information on the composition, properties, and behavior of the fuel during storage and use. Volatility is the primary factor determining a hydrocarbon mixture’s tendency to produce potentially explosive vapors [42].
Determining the content of saturated hydrocarbons (paraffins and naphthenes), olefins, and aromatics in FCC-derived gasoline allowed us to obtain the results shown in Table 4. These are the average values from two tests, as only one test was conducted per week. This was also an arbitrary choice, the sole purpose of which was to gain an understanding of the composition of the saturated hydrocarbons, olefins, and aromatics in the gasoline under study.
Table 4: PONA composition of gasoline produced by FCC
	Compounds
	Length in mm
	Average (mm)
	Percentage (%v/v)

	Aromatics
	159
	159
	159
	21.8

	Olefins
	286
	287
	286.5
	39.4

	Saturated
	282
	283
	282.5
	38.S8

	Total
	727
	729
	728
	100,0


An analysis of Table 4 shows that FCC-derived gasoline (in the case of SORAZ) consists mainly of olefins and, to a lesser extent, aromatic compounds. The average aromatic content obtained was 21.8% (v/v), while that of saturated hydrocarbons was 38.8% (v/v). The saturated hydrocarbon content could explain the average octane number of 90.05 obtained. As reported in the literature, when this number exceeds the required standard, it may be due to the content of paraffins, olefins, or aromatics [24] present in the fuel. It is therefore possible to correct or improve this by adding additives [24], [39] or by extracting one of these compounds particularly aromatics or olefins from the fuel if necessary. This extraction can be performed using alcohols, as Gao and colleagues did [24]. However, given that high-quality gasoline must have a low content of aromatics and olefins [20], it would be preferable to reduce the olefin content of the gasoline from this study (in the case of SORAZ). This will improve its octane rating so that it reaches the required value. Furthermore, we can also state that the results obtained are consistent with those of the distillation, indicating that the evaluated gasoline consists of a balanced mixture of light (C5 and C6) and heavy (C7 to C12) hydrocarbons.
IV. Conclusion 
The characterization of heavy gasoline produced by the fluidized catalytic cracking (FCC) process conducted in this study allowed us to determine the physicochemical properties specifically the octane number, composition, and sulfur content that are most sought after in high-quality gasoline. Indeed, the results showed that the average values for density at 15°C, corrosion, mercaptan sulfur content, sulfur content, vapor pressure, and octane number are acceptable. However, the gasoline obtained must undergo additional processing to improve its quality and ensure it meets marketing standards. For example, the octane number (90.05) and sulfur content (640 ppm) obtained in this study do not meet international specifications, which are 91 and 10 ppm (or 50 ppm), respectively, for the octane number and sulfur content. Acceptable average levels of aromatic, olefin, and saturated compounds were also obtained. These values are consistent with those from ASTM D86 gasoline distillation. Nevertheless, these results allowed us to conclude that this gasoline is of acceptable quality, as they enabled us to predict that its quality will be excellent after additional purification treatments. It is in this sense that we concluded that the objective of determining whether the gasoline obtained can be released for consumption prior to purification treatments has been achieved. This has earned the gasoline produced by fluid catalytic cracking in Niger (manufactured at SORAZ) an exceptional quality. This makes this product (gasoline) much more competitive on international markets, particularly in the subregion. However, it would be preferable to repeat the study not only to improve the distillation results using correlation methods but also to determine the PONA composition using other more effective methods, such as chromatography.
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