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Resumo 

Este projeto tem como principal objetivo o desenvolvimento de um modelo preditivo da 

composição dos gasóleos.  

O presente trabalho faz parte de um projeto relacionado com o processo de hidrotratamento 

de gasóleo. 

O processo de hidrotratamento tem como finalidade eliminar os elementos indesejáveis, 

como por exemplo enxofre, azoto e aromáticos, a partir de destilados de petróleo, por 

reacção destes elementos com hidrogénio sobre um leito de catalisador, a uma temperatura 

elevada. 

O trabalho tem o propósito de melhorar o modelo cinético de hidrotratamento de gasóleo da 

empresa, IFP Energies nouvelles. Em primeiro lugar, criou-se uma base de dados que servirá 

como base de contrução do modelo preditivo, após o desenvolvimento do modelo este será 

introduzido no modelo cinético de hidrotratamento gasóleo do IFPen. 

Com a ajuda do modelo será possível prever as características dos novos gasóleos através de 

propriedades básicas. Com os valores obtidos será então possível introduzir os mesmos no 

simulador PRIME D de forma a compreender como o gasóleo irá responder ao processo de 

hidrotratamento. 

Este trabalho tem a vantagem de poder ser aperfeiçoado continuamente aumentando a base 

de dados existente e melhorando as análises realizadas. 

 

Palavras-chave: hidrotratamento, modelo preditivo, análise de dados, 

composição do gasóleo. 

  



 

 

Abstract 

The project has the main goal of developing a predictive model of gas oil composition.  

The present work is part of a project related to gas oil hydrotreating process.  

The hydrotreating process has the objective of removing undesirable elements, such as 

sulphur, nitrogen and aromatics, from the petroleum distillates, by reacting these elements 

with hydrogen over a catalyst bed at high temperature.  

The work has the aim to improve the IFP Energies nouvelles kinetic model of the gas oils 

hydrotreating. First, it was created a database that will be the basis of the predictive model, 

and then the model will be introduced in the IFPEn kinetic model of gas oil hydrotreating.  

With the help of the model it will be possible to predict the characteristics of the new gas oils 

with few information. With this information it will be possible to introduce the values into the 

simulator PRIME D to understand how the gas oil will respond to hydrotreating. 

This work has the advantage of being improved on-going with the acquisition of new gas oils 

and improving he analyses performed.  

 

Key words:  hydrotreatment, predictive model, data analysis, gas oil 

composition. 
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1 Introduction 

1.1 Presentation of the Project 

The present work is part of the project for the development of gas oil hydrotreating (HDT) 

process. This process consists of removing undesirable elements, such as sulphur, nitrogen 

and aromatics, from the petroleum distillates, by reacting these elements with hydrogen over 

a catalyst bed at high temperature.  

Within the framework of this project, IFP Energies nouvelles (IFPEn) has developed a reactor 

simulator, called PRIME D, which describes the transformations of the various chemical 

species of the gas oil feeds.  

This thesis intended to improve the description of the gas oils feeds used in the PRIME D 

model. To do this, a predictive model of the gas oil composition was developed which was 

then integrated in the simulator PRIME D. 

This model is able to predict the molecular information of the gas oils from their overall 

properties, such as density and sulphur content. The molecular information is then used to 

generate a molecular representation of the gas oils which will be used as input in the 

simulator PRIME D. 

 

1.2 Presentation of the Company 

IFP Energies nouvelles (IFPEn) is a public-sector research and training center with an 

international scope, covering the fields of energy, transport and the environment.  

IFPEn focuses on providing solutions to take up the challenges facing society in terms of 

energy and the climate, promoting the emergence of a sustainable energy mix and creating 

wealth and jobs by supporting French and European economic activity, and the 

competitiveness of related industrial sectors. 

This company have 5 strategic priorities: Renewable energies, Eco-friendly production, 

Innovative transport, Eco-efficient processes and Sustainable resources (IFP Energies 

nouvelles, 2014). 
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1.3 Organization of the dissertation 

This dissertation is divided in 5 main chapters and the appendix. In the first chapter it is 

made an introduction to the project, the main goals, their purpose and the contextualization. 

In the second chapter there are explained the main concepts and fundamentals that permit to 

understand the theme in general. 

The third chapter is the one that introduces the model and clarifies where the model is 

inserted and the methodology of the work. This chapter leads to the fourth were the results 

from the project are shown with the explanation of the way the models were made. 

At last it is explained the conclusions about the results, and it is analysed the limitations of 

the project and future work. 
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2 Bibliographic Study 

The main purpose of this bibliographic study is to place the reader in the context of the 

Master’s thesis at hand.  

First, a briefly description of the petroleum refinery is given. Then the gas oil hydrotreating 

process is presented.  

 

2.1 Petroleum refinery 

Petroleum refinery is an industrial process plant where the crude oil is transformed into 

products of high commercial value such as: gasoline, kerosene, diesel, domestic fuels, 

liquefied petroleum gas (GPL), naphtha, lubricants oils, solvents. The petroleum products are 

traditionally classed according to the boiling point or number of carbons, shown in Figure 1. 

Petroleum refining involves a wide variety of the chemical processing units which vary in 

number and configuration with the composition of the crude oil feedstock and the variety of 

products produced. The main refining processes and their objective are presented in Table 1 

and a schematic diagram of the petroleum refinery is shown in Figure 2. 

 

Figure 1 - Principal petroleum products according to their boiling range temperatures and 

number of carbon atoms (Wauquier, J.-P., 1995) 
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Table 1 - Main refinery operations, their objective and their units (Wauquier, J.-P., 1995) 

Operations Objective Main Units 

Fractionation 

Separate a feed into simpler or narrower 

fractions. 

- Atmospheric distillation of 

crude oil 

- Vacuum Distillation of 

Atmospheric Residue 

Improvement 

of properties 

Improving the properties of the oil fractions, 

especially gasoline. To this aims, the 

structure of the molecules are rearranged by 

cyclization, isomerization or it is enlarged by 

alkylation reactions or polymerization. 

- Catalytic reforming 

- Isomerization 

- Alkylation 

- Etherification 

- Oligomerization 

Conversion  

Upgrading heavy oil fractions (Distillate cut 

of the atmospheric distillation column). To 

this purpose, high boiling point molecules 

(above 350°C) are cracked into low boiling 

point molecules. 

- Hydrocracking 

- Catalytic cracking 

- Hydroconversion 

- Visbreaking 

- Coking 

Treatment 

Removal of impurities and undesirable 

contaminants from finished products to 

improve their characteristics from 

hydrocarbon streams for additional 

processing. 

- Hydrotreatment  

- Sweetening 

- Deasphalting 

- Desalting 

Supporting 

operations  

Processes that are not directly related to 

refining but are necessary for the proper 

functioning of the refinery. 

- Klaus unit  

- Hydrogen production unit 

- Waste water treatment 

 

Briefly, crude oil refining starts with dewatering and desalting operations. Desalted crude oil 

is separated into various oil fractions, traditionally called straight run (SR) cuts, by distillation 

in atmospheric and vacuum columns. However, the quality, the amount and the type of SR 

cuts produced are not consistent with those required by the marketplace. This is why, heavy 

oil fractions are transformed into lighter oil fraction by means of conversion processes and 
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the SR cuts are treated in the treatment processes to improve the characteristics of finished 

products in terms of quality and environmental specifications.  

 

Figure 2 –Schematic diagram of a petroleum refinery (Wauquier, J.-P., 1995) 

 

2.2 Gas oil hydrotreating process 

2.2.1 What is the goal of the Gas oil hydrotreating process in a refinery?  

The goal of the gas oil hydrotreating is to ensure that gas oils cuts meet the commercial 

diesel specifications. 

Over the years the quality policy of diesel has been increasing, and according to the location 

specifications may be more or less demanding. For example in Europe with European Standard 

EN 590 for road diesel specifications, allowable sulphur (S) content moved from 350 ppm (or 

mg/kg) to 50 ppm, the next step was changing to 10 ppm, which corresponds to an  ultra-low 

sulphur diesel, ULSD (European Commitee for Standardization, 2004). Table 2 presents the 

current specifications for road diesels in Europe.  

However, the quality of the gas oils cuts obtained from the petroleum refining does not meet 

the required specifications. For example, sulphur content of the gas oil cuts vary between 

3000 and 30000 ppm. This is why, the gas oil hydrotreating units are extremely important in a 

petroleum refinery. 
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Table 2 - Some specifications for road diesels in Europe, adapted from: (European Commitee 

for Standardization, 2004) and (Raybaud, 2013) 

Property Unit 
Limits 

Test method 
Minimum maximum 

Cetane Number  51  EN ISO 5165 

Cetane Index  46  EN ISO 4264 

Density at 15°C kg/m3 820 845 
EN ISO 3675 

EN ISO 12185 

Sulfur content mg/kg  

50 (until 

31/12/2004) 

10 

EN ISO 20846 

EN ISO 20884 

Viscosity at 40°C mm2/s 2,0 4,5 EN ISO 3104 

Distillation 

T65 

T85 

T95 

°C 

 

250 

 

 

350 

360 

EN ISO 3405 

     

2.2.2 Gas Oil description 

In order to separate the individual components, the petroleum must be distillated in fractions 

so that the components can be removed according to their boiling points, as already shown in 

Figure 1.  

The gas oil is considered an intermediate fraction of petroleum, it has a cut point or a final 

boiling point in a range of 360-380°C and their size varies between C13-C14 to C20-C25. Despite 

the differences between the various types of gas oils, they all feature a mixture of several 

components, hydrocarbons and heteroatoms. The hydrocarbons are composed of carbon (C) 

and hydrogen (H), while the heteroatoms presents sulfur, nitrogen (N), oxygen (O), and 

metals besides C and H. Although they are present in small quantities, the heteroatoms affect 

certain physical properties of diesel fuel (Altgelt & Boduszynski, 1994). 
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2.2.2.1 Chemical Composition of Gas Oils 

According to the chemical composition the gas oil can be divided according to 2 families, the 

hydrocarbons and the hetero-compounds (Wauquier, J.-P., 1995). 

The hydrocarbons are molecules containing only carbon and hydrogen that groups into 

chemical families depending on their structure: 

• Paraffins 

Also called as alkanes or saturated aliphatic hydrocarbons, non-cycle and can be linear 

(normal paraffin) or ramified (isoparaffins or n-paraffin). The higher the number of C the 

higher the boiling point; except for isoparaffins that have lower boiling points than linear 

ones with the same number of carbons. Their general formula is: CnH2n+2, where n is the 

number of C carbons. In Table 3 there are some examples.  

Table 3 - Examples of Paraffins 

Name Molecular Formula Structural Formula 

Methane CH4 

 

Ethane C2H6 

 

Propane C3H8 

 

Butane C4H10 

 

 

• Naphthenes 

Also called cycloparaffins or saturated cyclic hydrocarbons, contains cyclic structures and the 

boiling points are higher than paraffins with the same number of carbons. In these rings each 

H can be substituted by a paraffinic “alkyl”. Their general formula is: CnH2(n-c+1), c is he 

number of rings in the molecule. 
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Table 4 - Examples of Naphthenes 

Name Molecular Formula Structural Formula 

Cyclopentane C5H10 

 

Cyclodecane C10H18 

 

 

• Aromatic Hydrocarbon 

Appear in a really high concentration in petroleum, they are cyclic and polyunsaturated and 

they are the high contributors on the octane number of a gasoline. Their general formula is 

CnH2n-6. Hydrogen atoms can be substituted by alkyl groups, by other aromatics or by a 

naphthenic ring. 

Table 5 - Examples of Aromatic Hydrocarbon 

Name Molecular Formula Structural Formula 

Benzene C10H18 
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• Olefins 

Also called alkenes or unsaturated aliphatic hydrocarbons, their general formula is: CnH2(n-d+1).  

Table 6 - Examples of Olefins 

Name Molecular Formula Structural Formula 

Ethylene C2H4 

 

 

The hetero-compounds are molecules containing other atoms than carbon and hydrogen. In 

the gas oil, the main hetero-compounds are:  

• Sulphur Compounds: frequently found in crude oils in an inorganic form like S, H2S and 

carbonyl sulfide (COS) or positioned inside the organic molecules as sulfides, 

disulfides, mercaptans, thiophenes and their derivatives. As sulfur compounds are 

usually eliminated in a refinery it is really important to really know them well.  

 

• Nitrogen Compounds: nitrogen compounds are found in fractions with a cut point over 

250°C, they are usually concentrated in resins and asphaltenes. Nitrogen is found in 

saturated or aromatic amides, amines, carbazoles and pyridines. In some processes 

like catalytic cracking, nitrogen can appear in light fractions and cause some problems 

as instability in storage, gums or a browner color to the gas oil.  

 

Table 7 - Examples of Heteroatomic Organic Compounds (HOC) 

HOC Name Molecular Formula Structural Formula 

Sulfur Dibenzothiophene C4H4S 

 

Nitrogen Pyridine C5H5N 
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2.2.2.2 Gas Oil fractions 

In a refinery the main gas oils fractions are: 

• Straight Run Gas Oils (SRGO) 

SRGO are obtained by a primary distillation that corresponds to a cut point of 230-380°C, 

these are the main gas oils produced in one refinery. The characteristics of this fraction are 

related to the crude oil and his geographic origin. The absence of olefins, the lower bromine 

number and the presence of paraffins and naphthenes are some characteristics that make it 

simple to identify this type of gas oil. The main treatment used in the SRGO is usually 

desulphurization in order to reduce the percentage of S. 

• Light Cycle Oil (LCO) 

LCO is produced in Fluid Catalytic Cracking (FCC), this process is responsible for converting 

heavy products producing highly aromatic gas oils with low paraffin content. As there is no 

hydrogen the presence of olefins is relatively high. As LCO has a low cetane number the main 

goal is to hydrogenate the aromatics to naphthenes, however this number is never higher than 

50 because the content of paraffins is too low. Sometimes to increase cetane number it is 

formed a mixture of SRGO with LCO. 

• Delayed Coking Gas Oil (CGO) 

CGO is produced by the delayed cooking process which is a thermal conversion without 

hydrogen and catalyst use. This fraction is known because of the higher content on nitrogen. 

The biggest problem of this process is the sulfur and the olefin content produced, affecting 

the stability of the gas oil. This way is needed a denitrogenation combined with a 

desulphurization. 

• High Pressure Hydrocracking Gas Oil (HCK) 

HCK does not require any posterior treatment as it is considered a high quality fraction. This 

only happens because in the same unit occurs two processes, catalytic cracking and 

hydrotreatment. 

• Other Refinery Gas Oil 

Although the main types of gas oils are the ones explained above, there are more fractions 

that can be found in a refiner, depending on the type of conversion process used such as 

visbreaking, mild-hydrocracking, hydroliquefaction of coal, between others. 

 

In Table 8 it can be seen some properties of the main types of the gas oils with their average 

values. 
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Table 8 - Characteristics of gas oils (average values). (Raybaud, 2013) 

 SRGO LCO CGO HCK gas oils 

Density at 15°C 

(g/cm3) 
0,84-0,86 0,92-0,97 0,83-0,86 0,80-0,84 

S content 

(wt ppm) 
7000-20000 3000-25000 10000-30000 0-10 

N content 

(wt ppm) 
50-40 500-1000 750-2000 ~0 

Basic N content 

(wt ppm) 
25-200 20-200 300-1000 ~0 

Aromatics 

content (% wt) 
25,0-40,0 60,0-90,0 30,0-50,0 5,0-15,0 

Cetane Number 40-60 18-30 30-45 >50 

Bromine 

Number 
< 3,0 5,0-15,0 20,0-30,0 ~0 

 

2.2.2.3 Characterization 

There are many different characteristics that distinguish gas oil and some of them are more 

important than others. The percentage of sulphur, the content in aromatics, the cetane index 

and the density for the gas oils are some of the characteristics that can define a gas oil.  For 

instance one SRGO is a fraction with low number of bromine, light cycle oil (LCO) has a low 

number of paraffins and coking gas oil (CGO) has a higher content of nitrogen. So in order to 

have a complete characterization of the gas oils it is really important to analyse them deeply. 

Along the years many analytical tools are being developed providing many crucial information 

about this theme. Next, there is a brief explanation of the most important characterizations. 

• Elemental analysis: provides the elemental composition of a fraction of gas oil, the 

content of carbon, hydrogen, metals and heteroatoms. According to the compound a 

different technique is applied. For example, to know the content of C, H and N it is 

made a combustion method; however this method is not very accurate for nitrogen 

and hydrogen. As oxygen is not presented in high quantities in the mixtures of gas oil, 

measuring his content is really inaccurate so it is deducted the value of O according to 

the content of H, S, N on percentage (Wauquier, J.-P., 1995). 
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• Density: This method is very used as it gives a quick indication about the quality of the 

gas oil fraction. The lower the density, higher it will be the paraffin content, on the 

other side, the higher the density, higher the aromatics content (ASTM International, 

2012). 

• Distillation: Is an extremely important analysis because it can be known the yield of 

each petroleum cut. It consists in separating the components of a mixture according to 

their volatility in order to obtain a distribution of boiling points in function of the 

weight percentage or volume percentage of the mixture collected, this is called a 

distillation curve (Wauquier, J.-P., 1995). 

• Index of bromine: This test specify the percentage of substances that react with 

bromine under chosen conditions, it provides a measure of trace amounts of 

unsaturated hydrocarbon in petroleum fractions that boil up to 288°C (Electrometric 

Titration, 2013). 

• Molecular weight: When it is not possible to measure directly the petroleum fractions 

this characteristics can be estimated according to normal boiling point and standard 

specific gravity or with viscosity and the same specific gravity. In the case of heavy 

fractions determining the molecular weight is more complicated because of the 

presence of asphaltenes (Wauquier, J.-P., 1995). 

• Mass spectrometry: Analytical technique to separate the components of a sample by 

their mass. The sample is vaporized into a gas and then ionized. The ions are then 

accelerated through a potential difference, they then passes through a magnetic field 

which bends the charged stream. A detector will count the number of ions at different 

deflections and the data can be plotted as a spectrum of different masses (Wauquier, 

J.-P., 1995). For the gas oils, the mass spectrometry is used to mesure the amount of 

the satures (paraffins, napthenes) and aromatic compounds (monoaromatics, 

diaromatics,…). 

• Gas chromatography (GC): Chromatography is a physical separation method based on 

differences of affinity substances over two phases, a stationary and mobile one. The 

separation is done by scanning the mobile phase along a column containing the 

stationary phase. The GC is a separation method in which the molecules are divided by 

a stationary phase, usually a heavy solvent, and gaseous mobile phase, a carrier gas. 

To analyse a mixture, this one is injected into the top of the column after being 

sprayed. The GC requires volatile or semi-volatile and non-temperature sensitive 

compounds and it is limited to the lower boiling point fractions. The gas oils are 

usually characterized by two GC techniques, sulphur speciation and nitrogen 
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speciation (Wauquier, J.-P., 1995). These two analyses are used to quantify the 

sulphur and the nitrogen compounds existing in the gas oils. 

• Cetane Number: Rates a diesel fuel’s quality of ignition, it measures the time period 

between the start of the injection of the fuel and the start of the combustion of the 

fuel. In general, a fuel with a higher cetane number will have a shorter ignition delay 

period than a lower cetane fuel (GROWMARK, Inc., 2011). 

• Smoke point: Is related to the potential radiant heat transfer from the combustion 

products of the fuel. The smoke point provides a basis for correlation of fuel 

characteristics according to the presented components. This characterization is 

related to the hydrocarbon type composition of the fuel, the more aromatic the fuel 

the smokier the flame. A high smoke point indicates a fuel of low smoke producing 

tendency (Shih, 2012). 

 

2.2.3 Description of the Gas oil hydrotreating units  

Hydrotreating is a catalytic process used to eliminate sulphur and nitrogen converting these 

compounds in hydrogen sulphide (H2S) and ammonia (NH3) under hydrogen pressure (25-110 

bar) and high temperatures (320°C-400°C). This process is also used to improve the cetane 

number by hydrogenating aromatics into naphthenic compounds and to saturate olefin 

compounds avoiding the formation of gums during long periods of storage. The most used 

catalyst are the ones containing molybdenum (Mo) or cobalt (Co) with nickel (Ni) with a 

support that is usually gamma (�) alumina as this one reduces cracking reactions which are 

bad for the process (Raybaud, 2013). 

A simplified scheme of gas oil hydrotreating is given in Figure 3. The gas oil feedstock is 

initially mixed with the hydrogen gas, which are heated in a heat exchanger before entering a 

furnace where the heating is completed and the temperature reaches 320-400°C. The 

warmed mixture is introduced in the top of the fix-bed reactor, hydrotreating the gas oil. At 

the reactor outlet, the hydrotreated gas oil is mixed with the gas richer in hydrogen (H), 

hydrogen sulphide, ammonia and cracking products. The reactor products pass to another 

heat exchanger to recover heat of the product and are sent to an air cooler reducing the 

temperature to 40-50°C. To prevent ammonium sulphide salts, which might plug the pipes, 

water is added before entering the air cooler. After cooling, the product goes to a separating 

vessel that is known as high pressure separator because it works at the same pressure of the 

reactor without the pressure drops. Here the hydrogen rich gas is separated from the liquid 

mixture. The gas may be sent to an amine washer in order to remove H2S and then to a 

compressor to recompress the pressure to his inlet value. At last the gas is sent to the 
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thermal quenches or reactor inlet to be mixed with the fresh feed and make-up gas. The 

water and the liquid flow out of the bottom of the high pressure separator, they are 

depressurized and sent to a low pressure separator vessel. The water is separated by 

decantation and will be treated in a water treatment plant. The gas phase recovered on the 

top of the tower is sent to the gas treatment unit because of the H2S and light hydrocarbons. 

The rest of the liquid organic phase is reheated and sent to a stripper where it is injected 

steam. The hydrotreated product is recovered on the bottom of the tower. At an 

intermediate level some gasoline fraction, naphtha, is produced and sent to a catalytic 

reformer (Raybaud, 2013). 

 

Figure 3 - Simplified diagram of gas oil HDT (Kraus, 2011)  

 

2.2.3.1 Chemical Reactions 

Along the process of hydrotreating there are several reactions occurring, these reactions 

occur in order to improve the quality of the feedstock so they can meet the requirements for 

gas oil (Raybaud, 2013). 

 

• The hydrodesulphurization reaction (HDS) 

The main goal of this reaction is to break the carbon-sulphur bond (C-S) and convert the S to 

H2S; this last compound can be eliminated later by a gas-liquid separation. 

�� − � − �� + 2	� → ��	 + ��	 + 	�� 

The � represents the radical. 
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• The hydrodenitrogenation reaction (HDN) 

This reaction is similar to HDS reaction. Nitrogen (N) is an inhibitor of HDT reactions so to 

obtain ultra-low sulphur diesel is really important to remove it. In order to remove nitrogen in 

the form of NH3 it is added hydrogen. 

�� −�	 − �� + 2	� → ��	 + ��	 +�	� 

• The olefin saturation reaction (HDO) 

To prevent the formation of gums is necessary to saturate the olefins and diolefins. This 

reaction generally takes place in the first section of the HDT reactor. 

�� − 	 = 	 − �� +	� → �� − 	� − 	� − �� 

• The aromatic hydrogenation reaction (HDA) 

As naphthenes increase the cetane number it is necessary to hydrogenate the aromatic rings 

of aromatic or naphteno-aromatic. 

  ����
↔

  ����
↔

 

As the reactions are kinetically favoured by high temperatures and thermodynamically 

favoured at low temperatures there needs to be a compromise on temperature to maximize 

the hydrogenation. Normally the temperature is between 380 and 400-410°C depending on 

the chemical structures presented. 

•  The cracking reaction 

This is a reaction to avoid because it reduces the gas oil yield and it forms lighter products 

with low added value. In this reaction there is a break of hydrocarbon molecules into smaller 

compounds with the break of the C-C bonds. 

�	���� +	� ↔ �	���� + �	���� with � + � = � � and � are an integer of 0 to 20, � is the 

number of carbons 

• The coking reaction 

The coking reaction is also considered a reaction to avoid as the polyaromatic compounds 

undergo polycondensation into coke. The coke is deposited into the catalyst, poisoning this 

one. 

Polyaromatics ↔ Coke +	� 

Below, in Table 9, it can be seen a summary with the main HDT reactions and their 

characteristics. The partial hydrogen pressure (PPH2) should be between 15 to 100 bar and 

temperature (T) should be in the range of 320-400°C. 
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Table 9 - Effect of temperatures and pressures according to thermodynamic and kinetic 

(Raybaud, 2013) 

 Equilibrium 
Heat of 

reaction 

Effect of T 

on 

equilibrium 

Effect of 

PPH2 on 

equilibrium 

Effect 

of T on 

kinetics 

Effect of 

PPH2 on 

kinetics 

HDS Irreversible Exothermic No effect No effect High T High PPH2 

HDN Irreversible Exothermic No effect No effect High T High PPH2 

HDO Irreversible Exothermic No effect No effect High T High PPH2 

HDA Reversible Exothermic Low T High PPH2 High T High PPH2 

Cracking Irreversible Exothermic No effect No effect High T No effect 

Coking Reversible Endothermic High T Low PPH2 High T Low PPH2 

 

2.2.3.2 HDT Catalyst 

Hydrotreating catalysts are usually combined with an oxide support, usually γ alumina with a 

large specific surface area, and an active phase in the form of molybdenum or tungsten 

promoted by cobalt or nickel, as it was referred before. The most used catalysts are 

associations of CoMo and NiMo where 12 to 15 % wt is from Mo and 3 to 5 % wt of Co or Ni. In 

general the cobalt-molybdenum is applied in hydrodesulphurization process while nickel-

molybdenum is used for hydrogenation and hydrodenitrogenation. Another type of active 

phase is in the form of tungsten (W) promoted by Co or Ni, the most common is the NiW 

catalyst type used for hydrogenation of very low sulphur cuts (Leprince, 2001). 

 

2.2.4 Conclusion of the chapter 

The goal of this chapter is to introduce the main concepts regarding gas oils hydrotreating. 

Gas oil HDT is one of the most mature processes of the refining industry. This process aims to 

remove undesirable elements, such as sulphur and nitrogen, from the gas oil cuts to meet the 

commercial diesel specifications. During the hydrotreating process there are several reactions 

occurring, like the hydrodesulphurization, the hydrodenitrogenation, the olefin saturation and 

the aromatic hydrogenation. However there are some reactions that need to be avoided, such 

as the cracking and coking reactions because they reduce the yield of the gas oil and poison 

the catalyst. 
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This chapter provides the main concepts of gas oil cuts and hydrotreating process that will be 

covered in this work. 
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3 Simulator PRIME D 

3.1 Description 

To predict the performance of the gas oils hydrotreating, IFPEn has developed a reactor 

simulator called PRIME D. The simulator comprises two modules, as shown in Figure 4. (Garcia 

Lopez, Hudebine, Schweitzer, Verstraete, & Ferre, 2010) 

In the first module, the chemical composition of the gas oil is modelled by means of a set of 

pseudo-compounds. The set of pseudo-compounds is described by means of a molar fraction 

matrix which is generated using a statistical reconstruction method (D. Hudebine, 2009). The 

statistical reconstruction method calculates the molar fractions of pseudo-compounds from 

Research & Design (R&D) analytical data, such as mass spectrometry, simulation distillation 

and sulphur speciation. The second module of simulator PRIME D consists of simulating the 

hydrotreating reactions over the set of pseudo-compounds generated in the first module. The 

hydrotreating transformations are represented by fourteen types of reactions that includes 

the hydrodesulphurization reactions, hydrodenitrogenation reactions and aromatic 

hydrogenations reactions (Garcia Lopez, Hudebine, Schweitzer, Verstraete, & Ferre, 2010). A 

Langmuir-Hishelwood formalism (Froment & Bischoff, 2010) is adopted to describe the 

catalytic kinetics of HDT process.  

 

Figure 4 - Scheme of the Simulator PRIME D (Garcia Lopez, Hudebine, Schweitzer, 

Verstraete, & Ferre, 2010) 
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The Simulator PRIME D is a powerful tool to predict the performance of the gas oil 

hydrotreating, especially for ultra-low sulphur diesel (ULSD) production, once the molecular 

detail of feedstock and effluent is retained throughout the entire reactor simulation. 

Simulator PRIME D, specially the reconstruction module, requires a detailed characterization 

of the feedstock. The reconstruction of the gas oil cuts is done from density, distillation, 

mass spectrometry, sulphur speciation and nitrogen speciation. This analytical information, in 

particular mass spectrometry, sulphur speciation and nitrogen speciation, is available in R&D 

studies, but they are not necessarily at disposal of the simulator users. In the process design 

studies, the gas oils cuts are often characterized from overall properties, such as density, 

distillation curve, elemental composition (hydrogen, sulphur and nitrogen) and origin 

(geographical or process). 

3.2 Contribution of the present work 

To render the simulator PRIME D more flexible, can be integrated a mathematical tool to 

predict mass spectrometry, sulphur speciation and nitrogen speciation from the overall 

properties of the gas oil. The goal of this Master thesis is to develop a model which allows 

predicting the inputs of the reconstruction module from gas oil origin, density, distillation 

curve, sulphur content and nitrogen content, as shown in Figure 5. 

 

 

Figure 5 - Scheme of model of gas oil compositions 
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4 Model of gas oil composition 

4.1 Previous IFPEn model 

 

4.1.1 Description of the database 

 

4.1.2 Description of the correlations 

 

4.2 New model 

 

4.2.1 Description of the database 

  

4.2.2 Statistical indicators 

 

4.2.3 Description of the correlations 

 

4.3 Conclusion of the chapter 
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5 Conclusions 

The main objective of this project is to develop a model in order to predict the gas oil 

composition from the overall properties. The model developed was based in an IFPen 

composition model.  

The development of the model began by the creation of a gas oil database. To this aim, a 

database of 48 Straight-Run gas oils was created. The gas oil database contains the 

information about the crude oil origin and analytical characterization. The characterization is 

done from two groups of properties: Overall properties and detailed properties. The overall 

properties are the density, distillation curve, sulphur content, and nitrogen content. These 

properties are normally known and its measurement is easy to do.  

The detailed properties are the mass spectrometry, sulphur speciation and nitrogen 

speciation. These analyses give the distribution of hydrocarbon families, sulphur compounds 

and nitrogen compounds. These properties are commonly available in R&D studies, but they 

are not necessarily at disposal of the industry. 

Using the SRGO database, at least 32 equations were developed to predict the distribution of 

sulphur, aromatics and nitrogen components from overall properties. 

The new model was compared with a previous model developed in IFPEn. The new model 

provides better predictions of the sulphur speciation than the previous model. For the mass 

spectrometry, the new model does not improve the prediction of this analysis. Concerning the 

nitrogen speciation, this analysis is not predicted by the previous model, so no comparison 

was done. However, the results of the new model show a good agreement between the 

experimental and predicted values. 

This report shows that it is possible to reconstruct the detailed characteristics of the straight-

run gas oils (SRGO) using with the overall properties.   

It is really interesting to develop a project like this because most of the times there are 

analyses from the charges that are not available. Sometimes when the analyses exist they 

have values that are not consistent, so this model can evaluate and verify if the results are in 

concordance.  

However the biggest concern is the performance of the gas oils in the hydrotreatment 

process, the possibility of predicting with some precision the response of the gas oils to 

hydrotreating, specially because of the restrict demand of lower sulphur content. This way 

knowing information about the percentage of sulphur in the feed of the reactor helps getting 

better results, this information rarely exists. 
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This work has the advantage of being improved with the acquisition of new information about 

the characteristics of the gas oils. By getting information of SRGO from different origins 

specially the heavy crude oil ones, has they are still a small number, will permit to achieve 

better results and smaller errors. Actually this gas oils are the most particular ones, they are 

more difficult to predict. 

The fact that the methods to analyse the charges are always improving, will permit in the 

future, more accurate results to the data. Also there are some gas oils in the existing base 

that do not have the values of all the analysis. If these analyses are made the equations 

obtained will change and will became more precise.  

All the objectives proposed in the beginning of the work were achieved, however it is an on-

going project since with the appearance of new diesel and with the development of methods 

to analyse all the equations would suffer alterations and possibly huge improvements.
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6 Appendix 1 - Gas Oil Composition Model 

The Master thesis work is based on a composition model developed at IFPEn. The previous 

IFPEn model correlates the detailed properties of the gas oil with their overall properties for 

each type of gas oil (Straight-Run, LCO, Coker, etc.). The correlations are obtained using a 

database of 48 gas oils of different origins.  

The objective of the present work is to improve the IFPEn composition model for Straight-Run 

gas oil. To this aim, the new gas oils were added to the model database and the correlations 

of the model were improved by upgrading the coefficients of the previous correlations or by 

creating new correlations.  

6.1 Previous IFPEn model 

6.1.1 Description of the database 

The database of the previous IFPEn composition model contains 20 Straight Run gas oils. The 

main overall properties of these gas oils are shown in Figure 7. In the previous database the 

density varied between 0,82 and 0,94, the weighted average temperature (WAT1) fluctuate 

between 295-350°C and the temperature at 95% distillation is higher than 320 °C and lower 

than 415°C.  

 

 

 

 

                                            

1 A weighted average temperature takes into consideration the proportional relevance of each component, rather than treating 

each component equally. In this project, the weighted average temperature  is calculated from the distillation curve by the 

formula: 

���	°� = �	%��×�	�%��	×��	%�   
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Figure 6 – Main characteristics of the previous database of SRGO 

The SRGO corresponds to the gas oil cuts obtained directly by the crude oil distillation. 

Therefore, the characteristics of SRGO are related to the geographical origin of the crude oil.   

Middle east gas oils are characterized by a content of sulphur of 1 to 1,5% weight and 30 to 

1000 ppm of nitrogen. The basic nitrogen represents between 25 to 40% of the total nitrogen 

and a content of aromatics around 30%. 

The SRGO from North Sea Crude Oil is different from the others because of his content of 

sulphur, 2000 ppm. 

Gas oils from West Africa have between 1000 and 5000 ppm of quantity of sulphur and 70 to 

350 ppm of nitrogen. The Mexican Maya is really special has it has the percentage of nitrogen 

very high, comparing to others. 

The heavy crude oils have a high percentage of sulphur, nitrogen and aromatics and they are 

usually different from the rest (Chapus, Hudebine, & Lopez-Garcia, 2005). 

 

6.1.2 Description of the correlations 

In the previous IFPEn model, the content of sulphur compounds (benzothiophenes, 

dibenzothiophenes, 4-alkyl-dibenzothiophenes, 4,6-dibenzothiophenes) are correlated to total 

sulphur content, WAT and origin of the crude oil.  
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The content of the mass spectrometry families are correlated to density and WAT, while the 

nitrogen compounds are correlated to total nitrogen content, WAT and the crude oil origin.  

For more detail of the correlations, the reader is referred to the IFPEn internal report n° 

58570 (Chapus, Hudebine, & Lopez-Garcia, 2005). 

6.2 New model 

6.2.1 Description of the database  

The new database of SRGO is composed by 48 different gas oils. However, the characteristics 

of some gas oils are unknown. First, the crude oil origin is unknown for many of the new 

SRGO. This way the correlation according to the crude oil origin is extremely difficult. For 

some gas oils, density, sulphur content, nitrogen content and distillation curve are not 

available.  

The main overall properties of the database of SRGO are presented in Figure 7. As shown,  

density varies mainly between 0,82 to 0,94 g/cm3, similar to the previous database, while 

WAT ranges between 270 and 360°C and the T95 varies between 300 and 420°C. 

 

Figure 7 - Main characteristics of the new database of SRGO. 
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6.2.2 Statistical indicators 

To validate the results there were taken in consideration some statistical indicators. 

The first indicator is the coefficient of determination, �². This coefficient assesses the quality 
of the linear regression, i.e., how well the data points fit a statistical model. The coefficient 

ranges from 0 to 1 where 1 indicates that the model perfectly fit the data points. 

�² = ∑ (��� − ��)�����∑ (�� − ��)�����  6-1 

���  is the calculated value of �, 	�� is the experimental value of � and  �� the average value of 
�. 
The second indictor is the root-mean-square error, RMSE.  This indicator measures the 

differences between the predicted and the experimental values. 

� !" = #∑ (��� − ��)����� $  6-2 

���  is the calculated value of �, 	�� is the experimental value of � and $ is the number of 

values. 

The third and last statistical indicator is the average absolute deviation, AAD. Here it is 

calculated the average distance between each value and its mean. 

AAD = ∑ |y)� − y*|+*�� n  6-3 

���  is the calculated value of � 	�� is the experimental value of � and $ is the number of 

values. 

For each correlation it was also made a parity plot that compares the calculated data against 

experimental data. In this type of graphics, the experimental data are represented in the axis 

-, while the calculated values are presented in the axis �. For each parity plot, the 
experimental error is also represented by dashed lines. 

The comparison between the new model and the previous model is done using 28 gas oils. 

These gas oils were chosen because they are the only ones that the crude oil origin is known. 

 

6.2.3 Description of the correlations 

As a matter of confidentiality, the coefficients of the correlations are replaced by the letters. 

The same letters are always used to simplify the work even though they do not have the same 

value in any correlation. 
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a) Dibenzothiophenes (DBTtotal)  

In the new model, the content of dibenzothiophenes total ( DBT + 4-DBT + 4,6-DBT) are 

correlated to the crude oil origin, sulphur content, density and weight percentage of the cut 

330+ (cut contains the molecules with boiling point higher than 330°C). 

Group 1: DBTtotal		% = 4a	 ×	d�	/�	g/cm: + 	b= × S	% 

R² = 0,817 6-4 

 

Group 2: DBTtotal	% = (a	 ×	%330� + b) × S	% 

R² = 0,686 6-5 

 

Group 3: DBTtotal	% = a	 × S	%	 6-6 

 

Based on the previous IFPEn model, the SRGO are classed into 3 groups according to the crude 

oil origin.  

For group 1, the best correlation was obtained using density and sulphur content. In group 2, 

DBT total was correlated to sulphur content and weight percentage of the cut 330+. The last 

properties was chosen by the fact that the boiling point of the dibenzothiophene molecule is 

330°C which means that the DBT appears in the petroleum fractions when the cut point is 

higher than 330°C.  The %330+ can be calculated from the distillation curve. 

For group 3, DBT total was correlated to the sulphur total. 

It should be noted that the %330+ seems to be the best property to correlate the content of 

total DBT, but the results obtained with Group 1 are not that good, as shown in Figure 8. This 

is why, the DBT total are correlated with density for the group 1. 

It should be also mentioned that the gas oils with unknown crude oil origin were also used in 

the correlation according to their data and to the correlation that would fit them better. 
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Figure 8 – Parity Plot of DBTtotal Group 1 by %330+ ppm 

 

Table 10 – Comparison of the statistical indicators for DBTtotal SRGO 

 

 

 

 

As it can be seen in Table 10, in general, the new model provides a better estimation of the 

DBT total content than the previous model.  
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Figure 9 - Parity Plot of DBTtotal ppm 

As illustrated In Figure 9, the new model predicts well the content of total DBT within the 

range of the experimental error (±20% relative). The previous model also predicts the DBT 

content well. However, the application of this model is hampered by the lack of information 

about the crude oil origin for the new gas oils.   

 

b) Dibenzothiophenes (DBT) Family 

Simulator PRIME D distinguishes 3 types of Dibenzothiophenes compounds: 

• DBT Dibenzothiophenes devoid of the alkyl group in the position 4 and 6; 

• 4-DBT  Dibenzothiophenes formed with an alkyl chain in the position 4 or 6;   

• 4,6-DBT Dibenzothiophenes with an alkyl chain in the position 4 and 6.  

• The composition model must be able to predict the content of theses DBT families. 

According to the analytical data, the distribution of the DBT families is not correlated with 

the crude oil origin. In contrast, the content of the DBT families is well correlated to the 

point T95% (the temperature at 95% distillation) of the distillation curve. While the DBT and 

4-DBT decreases with the increasing of the T95%, the 4,6-DBT is proportional with the 

temperature. 

DBT	%	 = (a	 × T95	°C	 + 	b) × DBTtotal	% 

R²	 = 	0,211 6-7 
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4 − DBT	%	 = (a	 × 	T95	°C	 + 	b) × DBTtotal	% 

R²	 = 	0,349	 6-8 

 

4,6 − DBT	%	 = (a	 × 	T95	°C + 	b) × DBTtotal	% 

R²	 = 	0,586 6-9 

	
Table 11 - Comparison of the statistical indicators for DBT family SRGO 

 

According to the Table 11, the statistical indicators of the new model are better than the 

previous model which proves that the prediction of the DBT distribution is improved with the 

new model. The results show a very good agreement between the experimental and 

calculated values, almost within experimental error (±20% relative). 

 

 

Figure 10 - Parity Plot of x-DBT ppm 
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c) Benzothiophenes Total (BTtotal)  

For the content of benzothiophenes total, the best correlations are obtained using density, 

sulphur content and crude oil origin.   

Group 1: BTtotal	%	 = 4a	 ×	d�	/�	g/cm: + 	b= × S	%	
R²	 = 	0,179	 6-10 

 

Group 2: BTtotal	%	 = 4a		 ×	d�	/�	g/cm: + 	b= × S	%	
R²	 = 	0,419	 6-11 

 

The SRGO are classed into 2 groups according to the crude oil origin, as it was done in the 

previous IFPEn model however with different gas oils in each group. Both groups correlate the 

BT total with the density and sulphur content.  

 

Table 12 - Comparison of the statistical indicators for BTtotal SRGO 

 

 

 

 

Simulator PRIME D does not required a high precision of the BT content since the rate 

constants of these sulphur compounds are assumed as infinite by the simulator (Garcia Lopez, 

Hudebine, Schweitzer, Verstraete, & Ferre, 2010) 

According to statistical errors (Table 12) and parity plot (figure 11), the new model provides a 

better estimation when comparing to the previous model.  

 New Previous 

RMSE 652,3 718,0 

AAD 345,0 380,3 
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Figure 11 - Parity Plot of BTtotal ppm 

 

d) Aromatics Total (AROS) 

The simulator PRIME D takes in consideration the values for the aromatics family directly from 

the Fitzgerald mass spectrometry. In this mass spectrometry, the aromatic content take into 

account the sulphur compounds which it is not the case in the ultraviolet analysis.   

In this model, the content of the aromatic families (%AROS) does not include the sulphur 

compounds. 

As in the previous model, %AROS seems to be independent of the crude oil origin, and this 

property is well correlated to the density. 

AROS	%	 = 	a	 × 	d�	/��	g/cm: 	+ b	 ×	d�	/�	g/cm: 	+ 	c	
R²	 = 	0,599 6-12 

	
Table 13 - Comparison of the statistical indicators for AROS SRGO 
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The statistical indicators (Table 13) of the new model are similar to those of the previous 

model. The new model has a better root mean square error, while the average absolute 

deviation of the previous model is lower than that of the new model. Indeed, both models use 

the same expression to predict the amount of aromatics compounds. 

 

Figure 12 - Parity Plot of AROS % 

Figure 12 shows a good agreement between the experimental and predicted values for both 

models.  

 

e) Monoaromatics Family (MONO) 

Concerning the monoaromatics compounds, the best correlation is obtained using the density 

and the ratio MONO/AROS.   

MONO	%	 = (	a	 ×	d�	/�	g/cm: 	+ 	b) 	× 	AROS	%	
R²	 = 	0,334 6-13 

 

Table 14 - Comparison of the statistical indicators for MONO SRGO 
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Even though monoaromatics content is correlated with different properties, both models 

present the similar statistical indicators. This proves that, the new model predicts 

monoaromatics content with the same precision of the previous model. This conclusion is 

confirmed with the parity plot shown in Figure 13. 

 

Figure 13 - Parity Plot of MONO %  
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(CnH2n-6); indanes and tetralines (CnH2n-8) and the indenes (CnH2n-10).  

As previous model, the best correlation of the MONO families is obtained using density. This 

property is not correlated to the crude oil origin. 

C+H�+PQ	%	 = (a	 ×	d�	/�	g/cm: + 	b) × 	MONO	%	
R²	 = 	0,586	 6-14 

 

C+H�+PR	%	 = (a	 ×	d�	/�	g/cm: + 	b) × 	MONO	%	
R²	 = 	0,347	 6-15 

 

C+H�+P��	%	 = (a	 ×	d�	/�	g/cm: + 	b) × 	MONO	%	
R²	 = 	0,602	 6-16 
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Table 15 - Comparison of the statistical indicators for MONO family SRGO 

 

According to statistical error (Table 15) and parity plot (Figure 14), the results of the new 

model are very close to those of the previous model. 

 

Figure 14 - Parity Plot of MONO family % 
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For this property, the SRGO are grouped into 2 groups according to the crude oil origin.  

In the group 1, the content of triaromatics + is correlated to the density, while the content is 

constant in the group 2.  

 

Table 16 - Comparison of the statistical indicators for TRI+ SRGO 

 

 

 

 

It is not observed any improvement in the prediction of the new model, just an upgrading of 

the coefficients in the model (Table 16). According to the parity plot (Figure 15), the new 

model and the previous one show a good agreement between the predicted and experimental 

data. 

 

Figure 15 - Parity Plot of TRI+ % 
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Table 17 – Statistical indicators for DI 

 

 

 

 

 

As it can be seen on table 17 and on the parity plot (figure 16) there was a slightly change on 

the indicators showing an improvement on the coefficients. 

 

Figure 16 - Parity Plot of DI % 
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0

5

10

15

20

0 5 10 15 20

D
I

ca
lc

u
la

te
d

 %

DI experimental %

Parity Plot

DI

DI Previous

10 %

 New Previous 

RMSE 3,40 3,63 

AAD 2,06 2,14 



Development of a predictive model of gas oil composition 

Appendix 1 42 

C+H�+P�Q	%	 = (a ×	d�	/�	g/cm: 	+ 	b) × 	DI	%	
R²	 = 	0,478 6-22 

	
Table 18 - Comparison of the statistical indicators for DI family SRGO 

 

As observed in the MONO families, the amount of the diaromatics families are well predicted 

by new and previous model. This is explained by the fact that both models use the same 

property to correlate the distribution of the diaromatics families. 

 

Figure 17 - Parity Plot of DI family % 
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Table 19 - Comparison of the statistical indicators for SAT SRGO 

 

 

 

 

According to statistical indicators, the new model does not improve the prediction of the 

saturate content (Table 19), even though both models were correlated with the same 

property. For both models, the results show a good agreement between the experimental and 

calculated values (Figure 18), almost within experimental error (±20% relative). 

 

 

Figure 18 - Parity Plot of SAT % 
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40

50

60

70

80

90

40 50 60 70 80 90

S
A

T
 c

a
lc

u
la

te
d

 %

SAT experimental %

Parity Plot

SAT

SAT Previous

10 %

 New Previous 

RMSE 4,5 4,3 

AAD 3,5 3,3 



Development of a predictive model of gas oil composition 

Appendix 1 44 

C+H�+	%	 = 		 (a	 ×	d�	/�	g/cm: + 	b) × 	SAT	%	
R²	 = 	0,447	 6-25 

 

C+H�+P�,P�	%	 = 		 (a	 × 	d�	/�	g/cm: + 	b) × 	SAT	%	
R²	 = 	0,649 6-26 

	
Table 20 - Comparison of the statistical indicators for SAT family SRGO 

 

The statistical indicators (Table 20) suggest that the new model slightly improved the 

prediction of saturates families. However, the parity plot (Figure 19) shows that the accuracy 

of the both models is similar. 

 

Figure 19 - Parity Plot of SAT family % 
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i) Basic Nitrogen (Nbas) 

The previous IFPEn model contains a correlation of the basic nitrogen (Nbas) divided by 

origins.  

It was also tested to split the gas oils database by origins but the coefficient of determination 

did not even reached 0,05 which means not even 5% of the dependent variable could be 

explained by the covariates in this model. For this reason, another approach was applied 

where the Nbas is correlated to total nitrogen content. For this correlation, the coefficient of 

determination was over 0,9. As the values are much more concentrated until 200 ppm of Nbas 

it is better to apply a polynomial regression instead of a linear regression even though the 

error is approximately the same. 

Nbas	ppm	 = 	a × 	Ntot²	ppm	 + 	b	 × 	Ntot	ppm	 + 	c	
R²	 = 	0,910	 6-27 

 

Table 21 – Statistical indicators related to Nbas SRGO 

 

 

 

 

 

Figure 20 - Parity Plot of Nbas ppm 
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The previous correlations gives better results, however the correlation was made by origin 

and for only 16 gas oils. When adding the new gas oils to the database, the correlation by 

origin stop making sense.  Even though the indicators are bigger now, according to the parity 

plot, the results obtained are a good agreement between the experimental and predicted 

values, especially when it is taken in consideration the coefficient of determination.  

 

j) Nitrogen families 

In the previous model, no nitrogen families’ correlations were developed. In this case, the 

correlations of the new model cannot be compared with the previous model. The nitrogen 

speciation is done to identify 6 nitrogen families: pyridines, quinolines, acridines, anilines, 

indoles and carbazoles. According to the analyses data, SRGO are majorly composed by 

carbazoles, quinolines and acridines. 

Pyridines	ppm = (	a	 × 	T95	°C	 + 	b) 	× Ntot	ppm 

R²	 = 	0,046	 6-28 

 

Quinolines	ppm = (	a	 × 	T95	°C	 + 	b) × Ntot	ppm 

R²	 = 	0,256	 6-29 

 

Carbazoles	ppm = (	a	 × 	T95	°C + 	b) × Ntot	ppm 

R²	 = 	0,123	 6-30 

 

Indoles	ppm = (	a	 × 	T95	°C	 + 	b) × Ntot	ppm 

R²	 = 	0,039 6-31 

 

Acridines	ppm = (	a × 	T95	°C + 	b) × Ntot	ppm	 
R²	 = 	0,485	 6-32 
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Table 22 - Statistical indicators related to nitrogen family SRGO 

 

 

Figure 21 - Parity Plot of N family ppm 

The results show a good agreement between the predicted and experimental values. 

Nevertheless, the assessment of the correlations related to the nitrogen families is hampered 

by the lack of the experimental data for some gas oils.  

6.3 Conclusion of the chapter 
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thiophenic compounds are estimated by difference between sulphur content and amount of 

DBT total and BT total.  

Concerning the mass spectrometry, all families (SAT, MONO, DI, TRI+) and their sub-families 

are correlated to the density. In this analysis, only the TRI+ family is correlated to the crude 

oil origin.  

Finally, the nitrogen speciation was correlated to the point T95% of the curve distillation. 

The new model was compared with a previous model developed in IFPEn. The new model 

provides the better predictions of the sulphur speciation than the previous model. For the 

mass spectrometry, the new model does not improve the prediction of this analysis. 

Concerning the nitrogen speciation, this analysis is not predicted by the previous model, so no 

comparison was done. However, the results of the new model show a good agreement 

between the experimental and predicted values. 

 


