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Sammanfattning 

Under de föhållanden som reservoarens miljö erbjuder, definieras en petroleumvätska av dess 

termodynamiska och volymetriska egenskaper och av dess fysikalisk-kemiska egenskaper. För att 

korrekt simulera bearbetningen av dessa vätskor under produktion, deras beteende modelleras från 

experimentella data  

Med tillkomsten av nya regler och oflexibilitet som finns på tullbestämmelser vid gränserna idag, har 

forskningscenter stora svårigheter att få större mängder prover levererade. Av den anledningen, trots 

att det finns flera metoder för att karakterisera de olika komponenterna av råolja, tvingas laboratorier 

att vända sig mer och mer till alternativa analysmetoder som kräver mindre provvolymer: 

mikrodestillation, gaskromatografi, etc.  

 

Mikrodestillation, som är en snabb och helt datoriserad teknik, visar sig kunna ersätta 

standarddestillation för analys av flytande petroleumprodukter. Fördelar med metoden jämfört med 

standarddestillering är minskad arbetstidsåtgång med minst en faktor 4. Därtill krävs endast en 

begränsad provvolym (några mikroliter) i jämförelse med standarddestillation.  
[24]

 

 

Denna rapport syftar till att skapa en enkel modell som kan förutsäga avkastningskurvan av fysisk 

destillation, utan att använda mikrodestillationsteknik. De resultat som erhölls genom 

gaskromatografiska analyser möjliggjorde modelleringen av det vätskebeteendet hos det analyserade 

provet. Efter att ha identifierat och behandlat praktiskt taget alla viktiga aspekter av mikro destillation 

genom simuleringar med PRO/II, fann jag att, oberoende av inställningen och den termodynamiska 

metod som används,  det alltid finns stora skillnader mellan simulering och mikro destillation. 

 

Resultatet visar att det fortfarande är svårt att skapa en modell som kan ersätta mikrodestillering och 

gaskromatografi på grund av differensen mellan simuleringsresultaten å ena sidan, och resultaten från 

mikrodestillering å andra sidan. Dessutom visade resultaten att mikrodestillation som analysmetod inte 

ger tillförlitliga resultat. Min förhoppning var att få ytterligare användbara resultat genom att studerar 

potentiella korrelationer emellan fler prover, men detta visade sig inte vara fallet. Jag anser att det 

skulle vara intressant att studera fler prover och använda en annan simulator för att bättre representera 

mikrodestillation. Detta skulle kunna vara ett intressant ämne för vidare studier. 

Nyckelord : Hydrokarbon, Mikrodestillation, Simularingsprogram (PRO/II), TBP (Riktig  

Kokpunkt), Simulerad Destillering (SIMDIS). 
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Abstract 

In the reservoir conditions, a petroleum fluid is defined by its thermodynamic and volumetric 

properties and by its physicochemical properties. Their behaviors are modeled from experimental data 

in order to properly simulate the processing of these fluids during the production. 

 

With the advent of new regulations and rigidity that exist at the custom regulations today, research 

centers have great difficulty in obtaining large amounts of samples. For these reason, although there 

are several methods to characterize the different components of crude oil, the laboratories are turning 

increasingly to techniques that requires lower amounts of samples: micro-distillation, gas 

chromatography (GC).  

 

The micro-distillation is a fast and completely computerized technique made to substitute the standard 

distillation for analysis of liquid petroleum products. Advantages of the method compared to the 

standard distillation are the reduction of working time by at least a factor of 4, the small sample 

volumes required for distillation (few micro liters). 
[24]

 

 

This report is aimed to create a simple model that can predict yield curves of physical distillation, 

without using the micro-distillation technique. The results obtained through gas chromatography (GC) 

analysis by laboratory technicians enable the modeling of the fluid behavior. Having identified and 

treated practically all aspects of micro-distillation through simulations with PRO/II, I found out that, 

regardless of the setting and the thermodynamic method used, there are always significant differences 

between simulation results and those of the micro-distillation. 

 

The result shows that it’s still difficult to create a model which can replace micro-distillation and gas 

chromatography (GC) because of the huge gap between the simulation results and micro-distillation. 

Furthermore, the dynamics revealed that the micro distillation is not accurate. I had hoped to get 

additional results by studies the correlations with more samples, but that did not turn out to be the 

case. Regardless of that, I think that it would be interesting to study more samples and use another 

simulator to properly represent micro distillation. This could be an interesting topic for further studies. 

Keywords : Hydrocarbon, Micro-distillation, Simulation Software (PRO/II), TBP (True Boiling 

Point), Simulated Distillation (SIMDIS). 
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1-  BACKGROUND 

 

1.1 Presentation of  TOTAL GROUP 

 
Keeping the research department  running fast is one of the priorities of TOTAL. The consumed time to get 

sample analyzed results and the methods employed at the present time lead to additional work and extra 

costs, and generally cause headaches for everyone involved. As a result, to build a simple model that can 

predict yield curves of physical distillation, without using the micro-distillation technique becomes the 

focus of attention for one of TOTAL research department. 

 

Created on 28 March 1924 as the Compagnie Française des Pétroles (CFP), literally translates to "French 

Petroleum Company", TOTAL is a multinational energy company and is one among the largest oil 

companies, integrating their activities in the upstream (exploration, development and production of oil and 

gas) and downstream (refining, distribution, stock exchanges of crude oil and petroleum products) sectors. 

 

Located in five continents and in over 130 countries, TOTAL is the first French company and the fifth 

largest oil company in the world. The group has over 96,000 employees and its turnover amounts to 179.9 

billion Euros in 2008 with over 54,000 shareholders. The company attempts to meet the growing energy 

needs, while integrating into its business operations and a continuous process of sustainable development.  

 

The head office, located in Paris (La Défense), brings together all the financial, legal, ethical, human 

resources, risk assessment and communication and some of Geosciences activities (new projects). 

On the other hand, the Scientific and Technical Center Jean-Féger (CSTJF), which is located at Pau, is 

dedicated exclusively to the geosciences. Founded in 1989, CSTJF is the place for Exploration and 

Production of TOTAL Group, in addition to headquarters in Paris. The site is divided into several 

departments, including Fluids and Organic Geochemistry (FGO), where my internship took place. 

The most important goals of the FGO are to acquire, explore new data and to develop measurement 

methods for petroleum fluids and rocks. Thus, the FGO determines the fluid reservoirs and source rocks in 

the basins during the phase of exploration and development. In addition, the department FGO uses and 

develops software for the prediction of the quality and quantity of the crude oil. 
[1]
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2- INTRODUCTION     

 

 

To know approximately the quantities of different products that would be obtained during the refining from 

an existing sample, an approach based on the comparison of laboratory analysis by the techniques of micro-

distillation and those of gas chromatography (GC) are used. 

However, the micro-distillation is still a long process and the results are sometimes approximate. To save 

time, minimize the cost of analysis and obtain more reliable results, the challenge is to be able to build a 

model that could easily predict distillation yield curves only with a fluid composition.  

The purpose of this study is to be able to determine the compositions of crude oil fractions by a 

computerized simulation and to establish a reference model by comparing yield curves obtained by 

simulation and those from the micro-distillation. This reference model will then allow us to find another 

approach the other way around. That means to establish the yield curves, simply from the composition of a 

fluid oil without the need for micro-distillation. As part of our study, the objective of the simulation is to 

approve and to demonstrate that the method used by the laboratories is suitable for the intended use. This 

leads to prove that the micro-distillation can be used to control the result obtained by gas chromatography 

and vice-versa.  

 

My study focuses on three areas:  

  

- The first axis is based on understanding the operation of micro-distillation, which allows us to 

better simulate the laboratory analysis results.  

 

- The second step is to establish extended compositions by fractions (by increasing boiling point), 

based on experimental data. Due to the non-ideality of the blend during the distillation, it is 

necessary to model the yield curves obtained by physical distillation. Then compare the differences 

between the modelling and the experimental data, while trying to locate all the factors that may be 

the causes of these differences, and if possible to correct them.  

 

- The final step is to  find a way to  create a new model which is able to use the initial composition 

of a reservoir fluid to simulate the yield curves. Which means to build a reference model that will 

make possible to know the percentage by weight of petroleum fraction, exclusively from the 

composition of a fluid oil. 

 

2.1    Composition of petroleum fluid and natural gas 
 

Petroleum and gas are fossil fuels resulting from the decomposition of organic matter, plants and animals 

that are buried in the bottom of ocean over millions of years.  
The petroleum fluids are complex mixtures containing mainly hydrocarbons (carbon and hydrogen), 

nitrogen in small quantities, carbon dioxide and hydrogen sulfide. Helium, heavy metals (mercury, 

vanadium and nickel) and traces of organo-metallic compounds can also be found.  

The initial composition of the oil depends on its origin, which has a strong influence on how it is processed. 

It is then possible to separate the constituents of petroleum into several categories of hydrocarbons: 

paraffinic, naphthenic and aromatic, while taking into account their density, their fluidity, their percentage 

of sulfur and various classes of hydrocarbons.  
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However, the arrangement of atoms can vary and we obtain several different molecules or "Isomers" for the 

same formula. These families, with different properties, are: 

 

 Saturated hydrocarbons formed from linear alkanes, ramified and cyclics. 

 

 Aromatic hydrocarbons formed from the mono, di, tri and poly-aromatic; including sulfur- 

molecules aromatic or nonaromatic 

 

 Resins and asphaltenes, occasionally reunited in one family enclosed in the heavy products. They 

are made of complex molecules with high molar masses. These complex molecules are mostly 

polycyclic molecules containing hetero atoms (O, N, and S). 

 

Natural gas is a mixture of compounds whose number of carbon atoms is less or equal to 5 (hydrocarbons). 

It is particularly consisting of methane, and also ethane, propane, butane and isobutene as well. There are 

also other components such as carbon dioxide, hydrogen sulfide, hydrogen, unusual gases and nitrogen in 

small quantities.  

Depending on the type of field, the gas composition varies from one field to another. 
[3]  [18]

 

 

2.2     Definition of a petroleum fraction (Petroleum Cuts) 
 

Petroleum fractions usually called petroleum cuts, correspond to fractions collected from the basic 

distillation of a complex mixture (crude oil, diesel, petrol ...). These are component mixtures that are 

difficult to discern separately, usually hydrocarbons. They are defined by global properties such as the 

average boiling point, density or, by distillation curves in the case of larger petroleum cuts . 

In order to deduce the nature of each complex mixture components of petroleum fraction type, we 

introduce the notion of " pseudo-component" as it is very difficult to analyze separately the characteristics 

of such mixtures. These pseudo-components are considered as pure substances in a mixture defined in a 

petroleum fraction. For thermodynamic calculations, it is essential to know the fundamental properties of 

these pseudo components. 

Since these petroleum fractions do not exist in the data banks of simulators, there are two ways to define 

them during the simulation procedure: 

 

 The first method is to designate the fractions separately by using at least two of the three properties 

such as normal boiling temperature, molecular weight and density. These features will be used to 

calculate, from thermodynamic models and correlations specified, all the properties useful named in 

this case "pseudo-properties". 

 

 The second method is to specify the petroleum fractions, usually large, with the help of their distillation 

curves. Those are fragmented into simple intervals which form the narrow fractions (also called 

"pseudo-components"), whose characteristics are then estimated by correlations. 

 

Remark: the purpose of a petroleum fraction is not to acquire pure products, but rather "petroleum cuts".  

That means complex mixtures, consisting of products with similar properties which, in order to 

manufacture a particular product, will be properly treated according to their classification (also called 

“family”). 

According to the type of simulator, we have different names for petroleum fractions: "Petroleum 

Components" for PRO/II, "hypotheticals" for Hysys, and "pseudocomponents" for AspenPlus. 
[5]
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In order to determine the composition of the product and establish yields for some fractions, a sequence of 

tests are performed once a new field of crude oil is discovered. The results of these tests allow the producer 

to determine its value and the refiners to provide scheduling based on the units to be used for the 

processing of this oil. 

The physical and chemical properties of hydrocarbons depend on the number of carbon and hydrogen 

atoms as well as their molecular structure. It is therefore almost impossible to determine the detailed 

composition of crude oil in order to show all its chemical constituents. Thus, we start from the theory of 

structural chemistry, which states that molecules with adjacent structures have similar physical and 

chemical properties. 
[2]

  It follows that a given petroleum fraction is a mixture of hydrocarbons belonging to 

different families, which determine the global properties of this fraction according to their respective 

proportions. Compared to the nature of the fraction and the crude oil, we obtain oils that tend to be 

paraffinic, naphthenic or rather aromatic. 

In general, in the laboratory, they begin by testing conventional measurement of density, viscosity at 

different temperatures, freezing point and water tenor, sulfur and sediments. Then, according to the boiling 

point of various hydrocarbons, they separate the constituents of crude oil by fractional distillation. 
[2]

 

In essence, this means to determine the  proportions of paraffins (P), olefins (O), naphthenes (N), and 

aromatic (A) current in the petroleum cuts analyzed; i.e. P.O.N.A of a petroleum fraction in the 

laboratories. 
[23]

 

 

2.3   The oil refining 
 

Petroleum refining is operating with a large number of unit operations (separation and reaction). Its purpose 

is to separate and enhance the various petroleum products to meet industrial and domestic requirement. 

In order to differentiate the characteristics of the products and do quality checks before they are put on the 

market, each refinery has a testing laboratory which, after review and verification of cases, issues a 

certificate of conformity of the product before it is sold.  

Generally, three types of products are manufactured at a refinery: 

 The finished products that are immediately available for consumption (petrol, diesel) 

 

 The semi-finished products that are used as basis for subsequent mixtures and will 

undergo changes in advance in order to increase their quality. 

 

 Finally, by-products or intermediate products that serve as raw materials for petro 

chemistry. 

Petroleum refining can be done in several phases and the first step is the fractional distillation. [2] [18] 

With regards to the control procedure characteristics, laboratories are required to follow specific standards 

established by national or international agreements such as: 

 

o  ASTM (American Society for Testing Materials) 

o  NF (French Standards) 

o  IP (Institute of Petroleum) 

 

ASTM develops voluntary consensus standards, technical information and services recognized 

internationally. In addition to promoting health, public safety and global quality of life, it contributes to the 

reliability of materials, products, systems and services, and also facilitates regional, national and 

international trade. 
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The distillation process that meets the requirement of the ASTM is an atmospheric distillation method 

similar to the vaporization, until final boiling point is obtained when the temperature remains constant for 5 

minutes. To qualify condensate / oil from OPEC (Organization of the Petroleum Exporting Countries), 

during the distillation,  90% of the liquid volume must be vaporized at 343.3°C without cracking (ASTM -

D86). 

The micro-distillation and simulated distillation can easily be combine to check the specification because 

the results of both techniques are close to ASTM standard. 
[15]
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     3-  THEORY 

 

 

3.1  The distillation 
 

The distillation is the principal process of the oil industry for separating mixtures based on relative 

volatility of the compounds. The separating principle is based on the fact that the content of volatile 

components is greater in the vapor phase. To separate a mixture of liquids, the liquid can be heated to force 

components, which have different boiling points, into the gas phase. The gas is then condensed back into 

liquid form and collected (distillate) and the less volatile components predominantly remain in the liquid 

phase. Three techniques are used in distillation: 

 

 Differential distillation 

 Flash or equilibrium distillation and 

 Rectification 

 

The differential distillation was first proposed by Rayleigh. The easiest example is a single stage batch 

distillation which starting with a initially full still pot heated at a constant temperature. The vapor formed 

on boiling the liquid is taken out at once from the system. Because this vapor is richer in the more volatile 

component than the liquid, the remaining liquid becomes progressively weaker in this component and the 

composition of the product gradually changes. As a result, the vapor formed over a short time is in 

equilibrium with the liquid but the entire vapor is not in equilibrium with the residual liquid. At the end of 

the process, the liquid which has not been vaporized is removed as the bottom product (residue).  

 

Flash or equilibrium distillation also called continuous process consists of vaporizing  a specific fraction of 

the liquid feed  in a way that the vapor evolved is in equilibrium with the residual liquid. The vapor is taken 

out from the top of separator and condensed, while the liquid leave from the bottom. 

 

Rectification is a better process because it permits a vapor to be obtained that is considerably richer in the 

more volatile component than is the  liquid left in the still. The distillate obtained during distillation is 

distilled once more and a new distillate is obtained with an even higher concentration of volatile 

components. As the procedure is repeated, the concentration of volatile components in the distillate raises 

on each occasion.  

In reality, this multi-stage distillation process is carried out in the form of countercurrent distillation 

(rectification) in a column. The liquid blend to be separated is fed to the bottom of the column, where it is 

brought to boiling point. The vapor produced progress upwards inside the column, exits at the top and 

condensed. Part of the condensate is removed as top product. The remainder flows back into the column 

and moves downwards as liquid opposite phase. 

The simplicity of this separation process and its low-cost make the distillation operation a most commonly 

used in the development of chemical and petroleum products. 
[9] [17]
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Figure 2. Detailed Schematic of a Distillation Column 
[25]

 

 

The figure above is a material balance diagram for a typical distillation column with: 

 

F : Column feed and the concentration of the more volatile component in liquid is ZF 

D : Distillate flow with overhead product concentration xD 

W : Bottom product flowrate with concentration xW 

L:  Molar flow rate refluxed 

QC : The heat removal from the condenser 

QB : The required heat input to the reboiler 

HT : Feed Enthalpy 

hD :Vapor Enthalpy  

hW : Liquid Enthalpy  

 

L, F, D, W: [mole/s] 

HT, hW, hD : [J/mole] 

QC, QB : [W]  
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 Material and energy balance around the distillation column 

 

1) Material balance 

 

In the case of a binary column, the two overall balances are: 

 

• The total material balance:                                                                  F = D + W                                       (1) 

  

• The component balance:                                                          FZF = DxD + WxW                                       (2) 

       

Eradicating either W or D from these equations provides: 

 

                           D/F = (ZF – XW) / (XD –XW)    also  D/F = (ZD – XF) / (XD –XW)                                      (3) 
 

Undertaking an entire condenser in the region of the condenser and accumulator , the material balances are: 

 

• The material balance:                                                                       Vn = D + Ln                                       (4) 

 

• The component balance:                                                       Vnyn = DxD + LnxD                                                            (5) 

  

In the region of the reboiler,  the material balances are: 

 

• The material balance:                                                                     Lm = Vb + W                                       (6) 

  

• The component balance:                                                   Lmxm = Vbyb + WxW                                                            (7) 

  

For a liquid feed Lm = Ln+ F 

 

If we suppose that the molar flows of liquid and vapour are steady all the way through the column, we 

have: 

 

L = Ln = Ln+1……etc. 

V = Vn = Vn+1 = ….etc. 

 

as a result:                                                         D = V-  L and  W = F + L - V   
[25]

                                      (8)    
 

The reflux Ratio 

 

Definition: The reflux ratio is the volume ratio between the liquid reinserted into the column (reflux) and 

the pure liquid drawn off (distillate). 

It is given by the equation:                                                                              
 

 
                              (9) 

For total reflux, in the case of no withdrawal:                                                                                                  (10) 

 

2) Energy balance 

 

F.HT + QB = D. hD + QC + W. hW 

 

F.HT  = [(hD + (QC / D)] + [(HW – (QB / W)]. W 

                                               D / W = (HT-MW) / (MD-HT).  [4] 

With  F = D + B 

MD =  hD + (QC / D) and MW =  hW – (QB / W) 
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           3.2  Fractional distillation 
 

Fractional distillation or rectification is a technique of separation by fractionation of the various 

constituents of a mixture of miscible liquids with different boiling points. In refining, this fractionation of 

the crude oil is allowed to separate the hydrocarbon fractions with adequate similar properties in order to 

obtain products with specific characteristics of volatility. 

In the laboratory, apart from the fact of using a special column called vigreux column, which has the role to 

condense successively the different components, the technique of fractional distillation is almost similar to 

the simple distillation. As a result, the temperature decreases along the column provided with peaks which 

help to promote the coalescence of condensate liquid droplets and furthermore helping the mass transfer 

with the gas. The result is a better segregation of the mixture constituents, leading to a separation of liquid 

compounds according to their increasing boiling point.  

The fractionation process that follows contains three distinct operations: on an industrial scale, we first 

begin by distilling the components at atmospheric pressure, and then the light gases produced at the top are 

separated by distillation under high pressure (butane, propane). Finally, the residue from atmospheric 

distillation (the less volatile components), will undergo a distillation under reduced pressure, which 

consists to decrease their boiling point in order to prevent their degradation.  

 

Depending on the temperature ranges, we obtain the following products: 

 

o Less than 40°C: the gas and the top fraction, gasoline which are then separated under high pressure. 

o Between 40 and 180 ° C : naphtha. 

o Between 180 and 230 ° C : kerosene and petrol. 

o Between 230 and 360 ° C : atmospheric diesel oil. 

o More than 360°C :  the heavy products that undergo distillation under reduced pressure.  
[7]

 

 

 
 

Figure 3. Crude oil distillation 
 [10] 
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        3.3  Simulated distillation by gas chromatography (SIMDIS) 
 

In the petroleum industry, the gas chromatography analysis method is generally called simulated distillation 

because the method quickly determines the boiling range distribution of various petroleum fractions and 

products. The procedure is applied to know the different components of the crude oil. 

The simulated distillation by gas chromatography used in the Petroleum Products Research Center is an 

analytical technique that simulates the methods of distillation. It is based on the procedure of separation as 

the individual compounds of a sample are eluted from a GC column according to their boiling point. 

Boiling point temperatures are assigned as a function of retention time in the column, based on a retention 

time standard. Results are calculated and reported in terms of the temperatures at which specified 

percentages of the sample have eluted from the column. 

This separation method appropriate to gaseous compounds or to the compounds that may be vaporized by 

heat without decomposition, allows thus to analyze qualitative and quantitative complex mixtures with 

different natures and volatilities. 

The simulated distillation by GC is not influenced by azeotropic phenomena as in the case of distillation; It 

highlights the individual separation of all compounds by their boiling temperature and / or their polarity, 

and in contrast to micro-distillation, the compound is not eluted separately on a range of temperatures in the 

column but at a given constant temperature and this for a very specific time. However, other coupling 

between components can occur in the phases of adsorption / desorption. 

This is also one of the factors that reflects the differences between the simulated distillation by gas 

chromatography and distillation. 
[11]

 

The results obtained through GC analysis by laboratory technicians give detailed composition of the 

petroleum fluid. This composition is one of the essential data that allowed me to simulate the behavior of 

the fluid using the simulation software PRO/II (cf. below). 

The following table shows An example of CG results which gives us a detailed analysis of fluid 

petroleum, fractions C1-C20.  We can  see the molecular weight and molar percentage of  different cuts  for 

sample ML-5 (table 1). 

Liquid Composition  

 Cuts Weight % Mole % Mw 

  

C1 0.004 0.038 16.04 

 

C2 0.060 0.319 30.07 
 

C3 0.275 0.994 44.10 

 IC4 0.243 0.665 58.12 

 NC4 0.447 1.226 58.12 

 IC5 0.587 1.296 72.15 

 NC5 0.523 1.154 72.15 

 C6 1.828 3.594 81.00 
 

C7 6.106 10.291 94.50 

 C8 12.029 17.739 108.00 

 C9 9.026 11.832 121.50 

 C10 6.964 8.216 135.00 
 

C11 4.354 4.670 148.50 

 C12 4.408 4.334 162.00 

 C13 5.241 4.757 175.50 

 C14 5.708 4.810 189.00 

 C15 4.765 3.748 202.50 

 C16 3.757 2.771 216.00 

 C17 3.569 2.477 229.50 

 C18 3.731 2.446 243.00 

 C19 3.004 1.865 256.50 

 C20 2.526 1.490 270.00 

 

     

Pure Compounds 

Petroleum Fractions 
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4-THE SOFTWARE 
 

4.1 Simulation Software PRO/II-Version 8.3  
 

PRO/II (General-purpose Process flow-sheeting and optimization), is a simulation software created for the 

refining and petrochemicals. In a previous design, the software offers a number of thermodynamic 

methods. PRO/II is marketed by SimSci (Simulation Science), an American company purchased by the 

British industrial group Invensys. 
[5]

 

The objective of this project was to accurately represent the micro-distillation by trying to apply the batch 

distillation in the batch module incorporated into PRO/II. The module normally operates in discontinuous 

batch; the principle is to introduce the entire amount of sample in the boiler column and continue 

rectification of the mixture until the desired products are obtained. 

All products are withdrawn at the head of the column in decreasing order of volatility (distillate) and the 

heaviest component remains in the boiler, which means that no residue is drawn at the bottom of the 

column as in the case of continuous distillation. This Batch distillation technique is commonly used in the 

field of fine chemistry. 

Unfortunately, after a month of testing, I found out that the distillation batch modulus of simulation 

software PRO / II was defective at the programming / design and especially that it did not take into account 

all compounds of petroleum fluid. For this reason, I had to find other solutions and try to build a model 

approaching a satisfactory result. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Captured image of a batch distillation column in PRO/II. 
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4.2  Equation Of  State (EOS) and Thermodynamic Models 

 
 For thermodynamic calculations, the software PRO/II uses several models of equation of state (Van der 

Waals, Redlich–Kwong, Soave Redlich-Kwong, Peng Robinson…). 

Once we have defined the components to be used in PRO/II, we have to specify the methods to calculate 

quantities such as enthalpy, entropy, K-values and other phase equilibrium values, density, transport  

properties…  I have chosen the Peng Robinson equation of state as the basis.  

The choice of thermodynamic methods which are appropriate to a given mixture is one of the most 

fundamental decisions. Because Peng-Robinson cubic equation of state is well suited for hydrocarbon 

systems in gas and refinery processing, in the present case, I selected the equation of state of Peng 

Robinson commonly applied in the oil industry. 

Equation of state is a thermodynamic equation that calculates the state of a system under given conditions 

of temperature and pressure. It is a specific relationship that links mathematically at least two variables of 

the state associated with matter (P, V, T , etc). We are interested in equations of state applicable to fluid 

systems and capable of representing the balance between liquid and gas phases.  

 

Developed in 1976 at the University of Alberta (Canada), by doctoral student D. Peng and his Professor 

DB Robinson, the Equation of State, EOS of Peng-Robinson has the following characteristics: 

As the equation of van der Waals, it meets the specifications of the liquid / vapor critical point and takes as 

parameter the critical temperature, critical pressure and a shape parameter as well. 

 

 The model describes qualitatively the critical region but the critical density of the fluid is restituted in 

a poor way. 

 The simplest mixing rule involves an interaction parameter per couple of components. That parameter 

may eventually depend on the temperature, but as it is used here, does not depend on the composition. 

 The equation should be adequate for the calculations of all fluid properties  in the process of natural 

gas 
[13]

 

 

For a fluid mixture, the Peng-Robinson equation is given by: 

 

 
 

 

With: 

P = pressure 

T= Temperature 

n= number of moles  

V= molar volume 

R= gas constant 

 

  and   are the coefficients of Peng-Robinson 

associated to the mixture. They are calculated as 

follows:  
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Z = PV / (RT)  

 

With: 

ω = acentric factor 

Z = compressibility factor 

Tr = critical temperature 

Pc = critical pressure                                          
[14] 

Apart from the equation of state of Peng-Robinson, I had to test other thermodynamic models such as 

IDEAL and UNIFAC models which are models of liquid activity coefficient (cf. def.below). The methods 

of activity coefficient intended for the calculation of phase equilibrium are fundamentally different from 

methods of equation of state.  

EOS methods calculate fugacity coefficients for phases, vapor and liquid, with reference to the ideal state 

of the gas while in the activity coefficient models; the reference state for each component in the liquid 

phase is the pure liquid to the temperature and pressure of the mixture.  

It is often more convenient and more accurate to use the activity coefficient models when the liquid phase 

is a mixture having components with similar volatilities. Also, it is often easier to describe the highly non-

ideal systems with this approach than with a liquid equation of state. 
[22]

 

 

      -   Proposed in 1975 by Fredenslund et al, the thermodynamic model UNIFAC (UNIversal quasi-

chemical Functionnel group Activity Coefficients) associates the concept of the theory of group solutions 

with the analytical results of the UNIQUAC model (Universal QUAsi-Chemical). It is a model widely used 

in industry; it allows estimations in both polar and non polar systems, and mixed systems. Faithful with the 

rule of the group contribution method, UNIFAC model is based on the assumption that the significant 

independent variables are concentrations of functional groups rather than those of molecules themselves. 
[20]

 

-When the ideal method (IDEAL) is selected within PRO/II, the equilibrium values K are calculated as 

follows: 

 Ki = Pi
o
 / P 

 Pi
o
 = vapor pressure of components to the system temperature. 

 P = system pressure 

 

The ideal vapor densities are calculated from the equation of ideal gas and the ideal liquid densities which 

are obtained from correlations of the density of pure compound assumed in liquid state at 15°C. 

The ideal liquid enthalpies are obtained from correlations of enthalpies of pure liquid components and the 

enthalpies corresponding to the vapors are obtained by adding the latent heat of vaporization of the 

compound to the system temperature. 
[21]
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5- EXPERIMENTAL PART 

 

5.1  Micro-distillation  
 

 Micro-distillation is a distillation method appropriate for smaller sample volumes of oil (≈ 15 ml).  The 

purpose of this separation technique is to better track the distribution of oil compounds and to carry out the 

distillation of at least two petroleum fractions  by taking into account the procedures of ASTM-2892. As a 

result, we can calculate the mass concentration and the cumulated weigh of each petroleum fraction.     

 (see def. above  p.11). 

The instrument used is a device composed of glass and Teflon, the BR800 (Cecil Technologies - High 

Efficiency Micro Distillation). This device consists of a thermostat column with 20 cm long and 7 cm 

diameter with a maximum capacity of 30 theoretical plates which included 800 spiral micro-bands.  

The boiler, which is located at the end bottom of the column, can contain between 10 and 25 ml and for the 

recovery of petroleum fractions, a collecting vessel tray equipped with 8 flasks of 2 ml each were 

incorporated. All equipments are connected to a processor that allows technicians to vary every parameter 

during the distillation process.  

 

 
 

Figure 4. Detailed Instrument of Micro-distillation, BR800 
[12]

 

 

Procedure:  

A small amount of liquid sample (approximately 10-15 g) is weighed prior to distillation (initial charge), 

which takes place in three stages: The first two steps are done at atmospheric pressure, thus the first 

petroleum cut contains butane (C4) to n-heptane (C7), then 3 petroleum cuts are distilled separately, n-

heptane (C7) to n-decane (C10), and finally the third and final step is to distill the 7 last petroleum cuts 

under reduced pressure n-decane to n-eicosane (C20). The fractions and the residue are weighed after 

reaching the final boiling point which is 343.9 °C (FBP). 
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Distillation of 11 petroleum fractions in 3 steps: 

 

1-Distillation at atmospheric pressure : 1 petroleum cut, C4-C7 (29-100°C) 

2-Distillation at atmospheric pressure : 3 petroleum cuts between C7-C10 (100-175°C) 

3-Distillation under reduced pressure : 7 petroleum cuts between C10-C20 (175-344°C) 

 

Mass concentrations were determined by weighing the petroleum cuts and the residue. Losses, allocated 

and added to petroleum cuts  C4-C7, are measured at the end of steps 2 and 3. 

The cumulative volume calculated on the basis of the micro-distillation is the sum of losses which is added 

to the light fraction C4-C7, then divided the value of each petroleum cut by the initial charge before 

performing a sequential addition of medium and heavy fractions C7-C20. For each mixture, the volume 

expressed in  volume % is compared to the estimated volume based on the results of gas chromatography 

and standard D86. The same process is practically true for the calculation of the cumulated weight. 

The micro-distillation of oils developed at the CSTJF operates in semi-automatic  operating conditions. The 

reflux ratio is independent of oil nature. It is a reproducible technique that provides a mass balance with 

moderate losses (< 6%). Production (full analysis in 1 day) was preferred over efficiency. 

 

Table 2.  the operating conditions of micro-distillation. 

 

The test sample :  from 12 to 14 g of oil 

Flow : 0.5 g / s 

Reflux flow : 2 drops / s 

Withdrawal flow Top of column: 25 mg / mn 

Reflux ratio : 120 

Condenser Temperature : 25°C 

Pressure : 1.013 bar 

Reduced pressure  (cuts C11-C20) : 30 mm Hg 

Equilibration time : 5 min 

Analysis time : 4 h per petroleum cut 

Hold-up : addition of washing column to the residue 

Adiabatic column (no heat exchange with the surrounding) 

 

The quality of the crude oil depends largely on its origin and its mineral content depends largely on its 

source. For this reason, the operations of each refinery must take into account the characteristics of crude 

oil such as color, viscosity, the percentage of sulfur, and flow point. 

As part of our study, all samples that I  have analyzed  (ML-5, BILDM-3, AKPO-2009, EMM7) were 

recovered at the surface during separator tests; the advantage compared to bottom samples obtained from 

wells drilled with a technology of oil mud  is to avoid the pollution of the sample with mud oil. 

                  5.2 Redistribution of petroleum fractions 

 
In order to obtain a distillation curve with further details, I conducted a redistribution of petroleum 

fractions. Initially, we all knew that petroleum fractions are mixtures of components difficult to discern 

separately. The redistribution of petroleum fractions consists in sorting all the components separately for 

each group of compounds of hydrocarbons and to gather them into 4 categories that are the chemical 

families iso-paraffins, normal paraffins, aromatics and naphthenes. 

The identification of matter by chromatography allows the evaluation of the molecular weight and the 

conversion of mass fractions into mole fractions. Knowing the total mole percentage of petroleum oil 

sample, those of the constituents of each petroleum fraction, and the total percentage weight of each class 
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of compounds together after having sorted them, it is possible to calculate the new value of each 

redistributed fraction by a simple rule of three. 

 

Table 3.  An example showing redistribution of petroleum fractions C6, C7 into family of iso-paraffins,  

normal-paraffins, naphthenic and aromatic (SampleML-5). We can see the two different petroleum cuts C6, 

C7 , with each family reunited in the same categories. 

 

Fractions 

Redistributed 

Compounds 

 

Weight % 

 

Mole % 

 

Mw (g/mol) 

 

Mole %_tot  

 

Mole %_red 

 

 

Representat_red 

 

                

  2,2-DIMETHYLBUTANE 0.07 0.13 86.18 

 

    

  2,3-DIMETHYLBUTANE 0.13 0.24 86.18 

 

    

  2-METHYLPENTANE 0.52 0.95 86.18 

 

    

  3-METHYLPENTANE 0.34 0.63 86.18 

 

    

C6_I.Paraffines         1.95 1.979986682 

2-

METHYLPENTANE 

C6_N.Paraffine N.HEXANE 0.63 1.16 86.18 1.16 1.171209604 N.HEXANE 

        

 

      

C6_Naphtene CYCLOPENTANE 0.19 0.44 70.13 0.44 0.443036689 CYCLOPENTANE 

C6_Total         3.55 3.594232974   

  

 

2,2-DIMETHYLPENTANE 0.04 0.07 100.20 

 

    

  2,4-DIMETHYLPENTANE 0.06 0.09 100.20 

 

    

  2,2,3-TRIMETHYLBUTANE 0.02 0.03 100.20 

 

    

  3,3-DIMETHYLPENTANE 0.03 0.05 100.20 

 

    

  2-METHYLHEXANE 0.37 0.59 100.20 

 

    

  2,3-DIMETHYLPENTANE 0.13 0.20 100.20 

 

    

  3-METHYLHEXANE 0.40 0.64 100.20 

 

    

C7_I.Paraffines         1.67 1.571364909 

2-

METHYLHEXANE 

 

    

 

  

   C7_N.paraffine N.HEPTANE 0.83 1.32   1.32 1.241204746 N.HEPTANE 

  1-METHYLCYCLOPENTANE 0.87 1.65 84.16 

 

    

  CYCLOHEXANE 1.20 2.27 84.13 

 

    

  

1,1-

DIMETHYLCYCLOPENTANE 0.11 0.18 98.19 

 

    

  

1,C-3-

DIMETHYLCYCLOPENTANE 0.21 0.34 98.19 

 

    

  

1,T-3-

DIMETHYLCYCLOPENTANE 0.20 0.33 98.19 

 

    

  

1,T-2-

DIMETHYLCYCLOPENTANE 0.04 0.06 98.19 

 

    

 

1,T-2-

DIMETHYLCYCLOPENTANE 0.327 0.53043 98.19 

 

  

 C7_Naphtenes         5.35 5.036001072 CYCLOHEXANE 

      

 

  

 

    

C7_Aromatique BENZENE 1.27 2.60 78.10 2.60 2.442913827 BENZENE 

C7_Total         10.93 10.29148456   

 

o Mole %_tot : Total percent in moles grouped by category. 

o Mole %_red : New percentage in mole obtained after redistribution calculations. 

o Representat_red : Representative for each class redistributed petroleum cut.  

o Iso-Praffins 

o Normal-Paraffins 

o Naphtenics 

o Aromatics 
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The calculation is done according to the steps below: 

 Regrouping of petroleum cuts per categories of Iso-paraffin-Normal paraffin, naphthenic and 

aromatic. 

 Calculation of the total mole % of each category. 

 Calculation of the total mole % of the new petroleum cut by summing all values of all categories 

obtained. 

 Calculation of the new mole % of each category relative to the values of starting petroleum cuts. 

                                                         
 

   
  

           
 

 

 

 With: 

    Total  mole % of each petroleum cut class (desired value) 

   Variable (Iso-paraffin-Normal paraffin, naphthenic, aromatic) 

   Total mole  % of each category (Iso-paraffin-Normal paraffins, naphthenes, aromatic) 

      Total mole  % of all categories of redistributed petroleum cut (Σ an)  

      Total mole  % of initial petroleum cut (C6 or C7, C8...) 

 

Table 4. Summary table showing an example of  various categories representatives of 

                               petroleum cut components C6 and C7  with each true Boiling Point ( Sample ML-5) 

 

 

Summary of redistributed petroleum cuts 

 

Cuts Représentants by Groupe Mole % Cut_Redist Boiling_Temp  (TBP) 

C1 METHANE 0.038 -161.34 

C2 ETHANE 0.319 -88.48 

C3 PROPANE 0.994 -41.92 

IC4 ISOBUTANE 0.665 -11.57 

NC4 N.BUTANE 1.226 -0.35 

IC5 ISOPENTANE 1.296 27.994 

NC5 N.PENTANE 1.154 36.22 

C6_I-Paraffins 2-METHYLPENTANE 1.979986682 60.4 

C6_N.Paraffins N.HEXANE 1.171209604 68.88 

C6_Naphta CYCLOPENTANE 0.443036689 49.4 

    C7_I-Paraffins 2-METHYLHEXANE 1.571364909 90.2 

C7_N.Paraffins N.HEPTANE 1.241204746 98.58 

C7_Naphta CYCLOHEXANE 5.036001072 80.87 

C7_Aromatique BENZENE 2.442913827 80.24 

 

 

After calculating the percentages in mole of all classes of compounds contained in each petroleum fraction, 

I defined as a representative for each constituent group the one with the highest mole%, i.e. one for the 
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class of iso-paraffins, another one for normal-paraffins, one for the naphthenes and the last one to represent 

the aromatic compounds. Since the first petroleum fraction consist of pure well-defined light compounds 

(C1-C5), this approach is only  applied for the petroleum fractions from C6 to C20. 

 

The model composition of the sample will involve all constituents actually identified. Each of the 

petroleum fractions heavier than the petroleum fraction C6 will be treated as a mixture of four 

representatives of the families of natural hydrocarbons. The normal boiling points of each representative n-

paraffin will give the conditions under which the cuts are collected in the experiment and in the simulation 

of micro-distillation as well. The obtained data  are the new composition of  petroleum fluid which will be 

used for simulation (an example of fluid composition, tables 21 & 22, Annex). 

For the representative constituents that are not identified in the database of the simulator, correlations were 

used to characterize these compounds with the molecular weight and density in PRO/II (Petroleum 

Components).  

 

5.3 Simulation Process:  Series of 100 distillation columns 
 

Because the batch distillation modulus of simulation software PRO / II was defective at the programming / 

design and especially that it did not take into account all compounds of petroleum fluid. One of the 

solutions was to simulate the operation of batch distillation through a series of continuous operations with 

the same software Pro/II. At the same temperature and with the same operating conditions, this procedure 

should be the equivalent of the batch distillation modulus. 

The principle is as follows: each of these continuous operations try to represent the instantaneous 

production of a very small fraction of the sample, with each of them being refilled by the residue of the 

previous one. The first operation unit is supplied with the initial charge, the successive distillates describing 

the history of the recipe depending on the distilled fraction; the bottom product in the last column provides 

the residue. 

I constructed the simulation model from a series of 100 distillation columns, each of them maintaining the 

operating reference conditions and specified to produce about 1% of the initial charge. The residue of the 

first column is the feed of the second column and the second column residue is the third column feed and 

so on, as shown in figure 6.  

Gradually, as I launched the simulations, I observed the evolution of temperatures in condenser of each 

column and when the temperature reached the temperature of the desired petroleum fraction, I recovered all 

the distillates from the  distillers of each column included between two temperature intervals. The total 

mass recovered is the collected distillate for a specific petroleum cut. With data from my initial charge and 

those of the amount recovered at each true boiling point of redistributed cut, I could calculate the 

percentage of cumulative weights. The values of the percentages obtained were then used to plot the 

distillation curve ASTM. 

Note that all parameters specified at the beginning of the simulation remain constant throughout the 

simulation. The only data which may change over time is the amount of mass to be distilled because 

sometimes I exceed the desired temperature while simulating. In that case, knowing that the increase in 

temperature is proportional to distilled mass amount, I was sometimes obliged to gradually reduce the 

amount of mass that I specified to be distilled until I reached the exact desired temperature. 
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Figure 6. Series of distillation columns in PRO/II which simulated the operation of batch distillation through   

                a series of continuous operations.  

 

 

Table 5.  Analytical conditions of simulating oil 

 

Total number of theoretical plates : 15 

Sample initial mass : 12g 

Feed 

Entry of products : plate 15 

Initial Temperature : 25°C 

Initial pressure: 1,013 bar 

Column 

Temperature : default 

Pressure : default 

Boiler 

Temperature default 

Condenser 

Temperature :  boiling point  (temperature corresponding to the start of the 

vaporization) 

Pressure : 1.013 

Reflux ratio at the  head of column : 120 

Thermodynamic model: Peng-Robinson 
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6- RESULTS AND DISCUSSION 

 

6.1  The effect of separation performances 
 

The change in the recovery ratio of cumulated distillate depending on the temperature of the column head 

constitutes the result of the micro-distillation. For a given oil, I could compare the recovery curves 

calculated by the simulator and those obtained experimentally by micro-distillation (Figure7). The 

observed difference is significant and increases during the operation. To study and understand the origin of 

widening gaps between the micro-distillation and simulation, we had to consider the impact of the reflux 

ratio and the number of theoretical plates on the micro-distillation results. 

 Optimum operating conditions 

 

The minimum number of theoretical plates (Nmin) is the number below at which the contemplated 

separation is no longer possible. Considering  the reboiler as the first stage of the column, the minimum 

theoretical plate may be greater or equal to two ( ≥  2).  

When an unlimited number of trays is necessary for separation, the warning condition emerges at minimum 

reflux ratio. 

The majority of columns are designed to operate between 1.2 to 1.6  times the minimum reflux ratio for the 

simple reason that  it is roughly the zone of minimum operating costs (additional reflux means higher 

reboiler duty). 

This retains the conditions such as:  (N+1/Nmin+1) (R+1/Rmin+1) ≈ 2.5   

N = (1.5 to 2) Nmin 

R = (1.2 to 1.6) Rmin 

In the case of our study, we have suppose that the minimum reflux ratio is equal to 1.5 
[4]

 

 

 

 
 

Figure 7. The recovery curves calculated by simulation and experimentally obtained by  micro-distillation. 
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         6.2  Influence of the number of theoretical plates (NTP) 

The theoretical plate is defined as the area in which the boiling liquid and the vapor emitted are in 

equilibrium. We evaluate the column efficiency by number of theoretical plates. The higher the number, the 

greater the separation will be. To perform a separation with industrial hydrocarbons under conditions of 

pressure close to the atmosphere, we see that we still have the actual number of plates superior than the 

number of theoretical plates (NPR > NPT).
 [4]

 

To better understand and compare the results obtained by micro-distillation and those of the simulation, we 

assume that during the micro-distillation, the column efficiency decreases over time due to the 

concentration of heavy components in the column and an overall decrease of the of mass transfer 

(viscosity, diffusion coefficients); which leads to a decreasing number of theoretical plates. 

Considering that reducing the number of plates may influence the micro-distillation results, I made 

simulations by reducing the number of trays from 15 to 12, then from 12 to 2 theoretical plates. On the 

other hand, to see the impact that the opposite case could have on the simulation results, I increased the 

number of theoretical plates from 15 to 18 and from 18 to 30. 

 

- The results summarized in the figure below (Figure 8) show that the distillation curves are the same 

for a number of theoretical plates between 3 and 30  (3 ≤ ≥ 30 NPT), which means that changing 

the number of theoretical plates does not significantly affect the results of the desired product 

obtained with 15 trays. 

- A singular change occurs when I reduce drastically the number of plates to a possible minimum 

number of plates, then 2. This produces a curve that shifts away from the micro-distillation, with a 

slight deviation in comparison to the curve of 15 trays. 

- A second point is that when I simulated with 2, 12 and 15 plates, the simulation stops around 

320°C as it becomes increasingly difficult to run the simulation without getting error messages; 

while with 18 and 30 plates, one can simulate up to a temperature around 358 ° C. 

 

In conclusion, the gap between the simulated micro-distillation and experimental micro-distillation cannot 

be explained by a lack of separation performance of the laboratory equipment. 

 
 

Figure 8. Distillation curves showing the differences between the micro-distillation and the                 

                Simulation  with different number of theoretical plates (2, 12, 15, 18, 30). 
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            6.3   Impact of the reflux ratio 

 
The reflux ratio is the volume ratio between the liquid reinserted into the column (reflux) and the pure 

liquid drawn off (distillate). A high reflux ratio increased separation efficiency as well as time required. In 

the case of micro-distillation, for analytical purposes, the process is already done in an extremely high 

reflux ratio (120), which leads to make simulations by dramatically reducing the reflux ratio and not the 

opposite. Remember that a very high reflux ratio may trapped components in the column and prevent 

vapors getting into the column while in the reverse case, a part of the column will not contain liquid (dry 

column), which will reduce the ability to separate compounds. 

In micro-distillation, the reflux is provided not by a ratio of two continuous outputs, but by redirecting the 

condensate to the column or to the collecting tank. The reflux ratio is no longer a flow ratio, but a ratio of 

time during which a valve performs the redirection of condensate to the reflux, or to the collector tray. 

When the valve redirects the condensate to the collector tray, the production is followed by a temperature 

and pressure drop which destabilizes the column. Back to the equilibrium temperature requires a certain 

settling time which slows the operation. 

 

- The simulation results show that the variation of the reflux ratio has no influence on the collected 

distillate because we get the same distillation curve for a reflux ratio of 120, 50 and 2 and even by 

increasing the number of theoretical plates (Figure 9). 

- On the other hand, when we simulate with a minimum reflux ratio equivalent to 1.5, there is an 

increment of the deviation between experimental results and simulated distillation (Figure 10). 

 

Finallly, we can say that the action of the reflux ratio and number of theoretical plates put us away from the 

desired results. The deviation between micro-distillation and simulation has increased rather that decreased.  

 

 

Figure 9. Distillation curves showing the differences between the micro-distillation and simulation at 

                different reflux ratio (2, 50). 
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Figure 10. Distillation curves showing changes from simulation with the minimum reflux ratio 

(1.5) compared to the maximum reflux ratio (120) and  micro-distillation 

 

6.4 Comparison of the thermodynamic models 

 
Apart from the equation of state of Peng-Robinson, we had to test other thermodynamic models such as 

IDEAL and UNIFAC which are models to determine liquid activity coefficients. The methods of activity 

coefficient intended for the calculation of phase equilibrium are fundamentally different from methods of 

equation of state (see def. above p.21). This is why, in the petroleum industry, only two cubic EOS are 

generally used: the SRK and the Peng-Robinson which have many advantages but also shortcomings. 

 

All models were used with previously established parameters and the results obtained show that the 

simulations with the thermodynamic models of Peng-Robinson, UNIFAC and IDEAL lead all to the same 

results (Figure 11), even when the minimum reflux ratio is applied (figure12). We can say that the three 

thermodynamic models are equivalent when it comes to simulate fluid oil in such conditions. 

 

 

Figure 11. Comparison of thermodynamic models: Peng-Robinson, Ideal, UNIFAC 

                                       with the micro-distillation. 
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Figure 12. UNIFAC thermodynamic model, comparing the simulation curves at  

                reflux ratio of 120 and 1.5 in comparison to the micro-distillation. 

 

6.5  Robust method 
 

The previous section was  about the process of micro-distillation and the simulation principles. Throughout 

modeling, I studied the influence of the number of theoretical plates, the reflux ratio and all factors that 

may be the source of divergences between micro-distillation and simulation. By comparing variations of 

different simulated samples, the localized deviations of all samples are highlighted. The purpose is to be 

able to create a reference model, provided that all differences may be correlated. 

 

The robust method ensures that the result is good for a very large collection of distributions without being 

the best for a particular method. In engineering, the robustness of a system refers to the stability of its 

performance. I did several tests on diverse samples in order to make a better comparison of  differences that 

occur and see if they could be identical in some cases. 

Unfortunately, I was not able to properly apply the method robustness due to a lack of samples. As in the 

case of the analysis, because the differences are different from one type of sample to another, I should have 

analyzed at least three samples per type of oil (12 in total), in order to obtain good accuracy results. 

To evaluate the various deviations from one sample to another, four samples were studied in total. In each 

case and in each figure, by comparing the micro-distillation curve and the simulation, I discover that the 

differences are distinguished from one sample to another (figure 13-16).  
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Figure 13. Divergence between micro-distillation and simulation, sample ML-5 

 

Figure 14. Divergence between micro-distillation and simulation, sample AKPO-2009 

 

Figure 15. Divergence between micro-distillation and simulation, sample EMM7. 
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Figure 16. Divergence between micro-distillation and simulation, sample BILDM-3 

 

For a better assessment of widening gaps between the micro-distillation and simulation, I plotted all the 

deviation curves of various samples according to different temperatures on the same figure (Figure 17). 

Thus, knowing the equation of all operation lines, I could estimate the data of the deviation lines by 

calculating the differences between the two lines (simulation and micro-distillation).  

One solution that could  make a link between the micro-distillation and the simulation was to add a 

correction factor in the distillation curves obtained by simulation, in order to compensate the gap, provided 

that  the deviations are identical. Unfortunately, that was not the case. 

 

Table 6. Equation of deviation curves for different samples (ML-5, AKPO-2009, EMEM7, 

                            BILDM-3) 

y = 7.4001x + 169.09 

y = 2.3881x + 130.86 

0 

50 

100 

150 

200 

250 

300 

350 

400 

0 20 40 60 80 100 120 

T
e
m

p
er

a
tu

re
 (
°C

) 

% Cumulated Weight 

Sample  BILDM-3 

 

Micro_Distillation 

Simulation 

 

Temperature 

(°C) 

 

 ML-5 

 

AKPO-2009 

 

EMEM7 

 

BILDM-3 

 

Y 

 

X=(Y-1.707)/0.7566 

 

X=(Y-0.548)/1.0182 X=(Y-4.275)/1.9624 

 

X=-Y-38.23)/5.02 

28 0.343250653 0.269613043 0.12089788 -0.020378486 

36 0.447689295 0.348183068 0.161664289 -0.004442231 

69 0.878498695 0.672284423 0.329825724 0.061294821 

81 1.035156658 0.790139462 0.390975336 0.085199203 

100 1.283198433 0.976743272 0.487795556 0.123047809 

110 1.413746736 1.074955804 0.538753567 0.142968127 

130 1.674843342 1.271380868 0.640669588 0.182808765 

150 1.935939948 1.467805932 0.742585609 0.222649402 

175 2.262310705 1.713337262 0.869980636 0.272450199 

181 2.340639687 1.772264781 0.900555442 0.28440239 

210 2.719229765 2.057081124 1.048333673 0.342171315 

230 2.980326371 2.253506187 1.150249694 0.382011952 

241 3.123929504 2.361539973 1.206303506 0.403924303 

271 3.515574413 2.656177568 1.359177538 0.463685259 

300 3.894164491 2.940993911 1.506955768 0.521454183 

325 4.220535248 3.186525241 1.634350795 0.57125498 

344 4.468577023 3.373129051 1.731171015 0.609103586 
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Figure 17. Comparison of Deviations between Micro-distillation & PRO/II 

          (Δ % Cumulated Weight = Simulation - Micro-distillation) 

Considering the results of the sample ML-5 as the most stable compared to the micro-distillation 

(Figure.17- blue line), experience confirms that the deviations are reduced gradually as one move to heavy 

oil. No deviation is thus identical to another, making it impossible to add a correction factor, therefore 

unable to develop a model that could predict the yield curves from the composition of a fluid oil. 

On the other hand, the fact of obtaining a reduced gap for heavy oils confirms the hypothesis that micro-

distillation of heavy oils is certainly more laborious but more efficient than with light oils. The light oils 

face more losses because of their high percentage of light constituents. These compounds are retained in 

the walls of the column at the beginning of the distillation and it’s difficult to restore them at the end of 

analysis. 

6.6  Factors that may explain the differences 
 

The comparison of micro-distillation results and those from simulations with PRO/II showed a significant 

deviation from 100°C. I found out that the variation of reflux ratio and number of theoretical plates did not 

cause contradictory effects because whatever the values that we used, the experimental and simulated 

curves move away gradually as the temperature increases. The micro-distillation results are always less 

than the simulated results. However, the mass balances show losses of initial charges. These losses can 

come from: 

 Liquid holdup in the column. It is the amount of product that remains trapped in the column wall 

during the distillation operation.  

But in this case, the simulation of batch distillation, which I have simulated as a continuous succession of 

quasi-static state with the simulator PRO/II, does not include a variation of the holdup in the column. As a 

consequence, it can be one the source of deviations between calculated distillation curves and simulated 

distillation curves. 

 Evaporation of collected distillate caused by the high temperature of the boiler, due to the 

positioning of collector tray which is just located next to the boiler. 

 During the process drawing off, there is also a slight volatilization and possible losses of the 

product through the opening of  the valve. 

In general, the losses may be higher than 6%. Also, these losses are due to differences observed when 

comparing the simulated results with actual distillation.  
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4-CONCLUSION 

 

Having identified and treated practically all aspects of micro-distillation through simulations with PRO/II, I 

found out that, regardless of the settings and the thermodynamic method used, There are significant 

differences between simulation and micro-distillation. The gap persists, independently of separation 

efficiency or thermodynamic model used to represent the vapor-liquid equilibriums in the column. In 

general, the  observed deviations between the results of the micro-distillation and simulations are due to  

loss of material by vaporization. 

 

While acknowledge the fact that he micro-distillation is not an ideal separation method, the crucial question 

that arises is whether all elements of the micro-distillation have indeed been returned by the simulation. 

 

There are several parameters that must be considered carefully before being adapted into a batch simulator 

in particular. And, as part of an additional study with the aim to better compare the results of the micro-

distillation with those of the simulation, lab work should always be done in advance to understand exactly 

what happens during the micro-distillation in order to make a better design of all inaccurate parameters. 

 

Certainly, I were not able to reach all the goals that were set at the beginning of the project, but those six 

months of work did however helped to understand some of the problems related to micro-distillation to be 

solved in future research work in this field.  

 

Micro-distillation technique is still in the development phase at the Scientific and Technical Center Jean-

Féger (CSTJF). To complete the  material balance is currently difficult. The simulation is based on physical 

principles and fully restores the material balance based on a detailed chromatographic composition. One 

can expect that the simulation gives equivalent information, but not strictly identical to the current micro-

distillation. 

 

The final results shows that it’s still difficult to create a model which can directly replace the micro-

distillation and gas chromatography because of the gap between the simulation results and micro-

distillation. Furthermore, the dynamics revealed that the micro distillation is not accurate. I had hoped to 

get additional results by studies the correlations with more samples, but that did not turn out to be the case. 

Regardless of that, I think that it would be interesting to study more samples and use another simulator to 

properly represent micro distillation. This could be an interesting topic for further studies. 
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ANNEX 
 

Tableau 1. Liquid Composition of samples ML-5, BILDM-3, AKPO-2009, & EMEM7.   

 

                   ML-5 BILDM-3 AKPO-2009 EMEM7 

Cuts Mass 

% 

Mole 

% 

Mw Mass 

% 

Mole 

% 

Mw Mass 

% 

Mole 

% 

Mw Mass 

% 

Mole 

% 

Mw 

C1 0.004 0.038 16.04 0.001 0.016 16.04 0.000 0.000 16.04 0.000 0.000 16.04 

C2 0.06 0.319 30.07 0.004 0.043 30.07 0.020 0.099 30.07 0.014 0.081 30.07 

C3 0.275 0.994 44.1 0.003 0.028 44.10 0.309 1.062 44.10 0.400 1.597 44.10 

IC4 0.243 0.665 58.12 0.005 0.030 58.12 0.528 1.379 58.12 0.355 1.073 58.12 

NC4 0.447 1.226 58.12 0.009 0.058 58.12 1.012 2.641 58.12 1.264 3.827 58.12 

IC5 0.587 1.296 72.15 0.009 0.044 72.15 1.587 3.336 72.15 1.132 2.760 72.15 

NC5 0.523 1.154 72.15 0.012 0.062 72.15 1.387 2.916 72.15 1.197 2.920 72.15 

C6 1.828 3.594 81 0.043 0.193 81.00 3.894 7.292 81.00 2.450 5.321 81.00 

C7 6.106 10.291 94.5 0.226 0.876 94.50 7.282 11.689 94.50 5.872 10.935 94.50 

C8 12.029 17.739 108 0.636 2.155 108.00 9.330 13.105 108.00 7.223 11.769 108.00 

C9 9.026 11.832 121.5 0.807 2.430 121.50 6.908 8.625 121.50 5.254 7.609 121.50 

C10 6.964 8.216 135 1.117 3.026 135.00 5.452 6.126 135.00 4.775 6.224 135.00 

C11 4.354 4.67 148.5 1.648 4.059 148.50 4.116 4.205 148.50 4.238 5.022 148.50 

C12 4.408 4.334 162 1.940 4.381 162.00 5.827 5.456 162.00 3.923 4.261 162.00 

C13 5.241 4.757 175.5 2.587 5.393 175.50 5.611 4.850 175.50 4.371 4.382 175.50 

C14 5.708 4.81 189 2.696 5.219 189.00 5.293 4.249 189.00 4.219 3.928 189.00 

C15 4.765 3.748 202.5 2.822 5.098 202.50 4.888 3.661 202.50 3.902 3.391 202.50 

C16 3.757 2.771 216 2.697 4.568 216.00 4.482 3.147 216.00 3.158 2.573 216.00 

C17 3.569 2.477 229.5 2.743 4.373 229.50 4.070 2.690 229.50 3.226 2.474 229.50 

C18 3.731 2.446 243 2.678 4.031 243.00 3.586 2.239 243.00 3.463 2.508 243.00 

C19 3.004 1.865 256.5 2.642 3.769 256.50 3.220 1.904 256.50 3.036 2.083 256.50 

C20 2.526 1.49 270 2.533 3.432 270.00 2.868 1.611 270.00 2.416 1.574 270.00 

C21 2.238 1.258 283.5 2.537 3.274 283.50 2.547 1.363 283.50 2.235 1.388 283.50 

C22 2.082 1.117 297 2.351 2.896 297.00 2.191 1.119 297.00 2.114 1.252 297.00 

C23 1.975 1.013 310.5 2.211 2.604 310.50 1.936 0.946 310.50 1.999 1.133 310.50 

C24 1.816 0.893 324 2.159 2.437 324.00 1.626 0.761 324.00 1.862 1.011 324.00 

C25 1.714 0.809 337.5 2.063 2.236 337.50 1.426 0.641 337.50 1.802 0.940 337.50 

C26 1.615 0.733 351 2.097 2.185 351.00 1.144 0.494 351.00 1.712 0.858 351.00 

C27 1.609 0.703 364.5 2.240 2.248 364.50 0.988 0.411 364.50 1.729 0.835 364.50 

C28 1.665 0.701 378 2.279 2.206 378.00 0.747 0.300 378.00 1.772 0.825 378.00 

C29 1.509 0.614 391.5 2.204 2.059 391.50 0.640 0.248 391.50 1.743 0.783 391.50 

C30+ 4.621 1.429 515.1 52.001 24.573 774.14 5.087 1.437 537.01 17.145 4.662 647.18 
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Table 2. Constituents of each fraction of a petroleum cut ; characteristics needed to define the   

               components of each family cuts in PRO/II. 

 

  

Fractions 

  

  

Composition 

  

Molecular 

Weight 

(kg/kmol) 

Standard 

Density  

(kg/m³) 

  

Fractions 

  

  

Composition 

  

Molecular 

Weight 

(kg/kmol) 

Standard 

Density  

(kg/m³) 

C1 N-Paraffins  16.04 260.0 C12 N-Paraffins 170.34 752.6 

C2 N-Paraffins  30.07 376.7   I-Paraffins 170.34 775.4 

C3 N-Paraffins  44.10 507.6   Naphthenes 168.32 832.4 

C4 I-Paraffins  58.12 563.3   Aromatics 148.26 878.4 

  N-Paraffins  58.12 584.7 C13 N-Paraffins 184.36 760.3 

C5 I-Paraffins  72.15 596.7   I-Paraffins 184.36 797.6 

  N-Paraffins  72.15 630.9   Naphthenes 182.35 853.6 

C6 N-Paraffins  86.18 663.8   Aromatics 162.28 892.6 

  I-Paraffins  86.18 663.8 C14 N-Paraffins 198.39 766.7 

  Naphthenes  70.13 750.2   I-Paraffins 198.39 834.5 

C7 N-Paraffins 100.20 688.0   Naphthenes 196.38 888.5 

  I-Paraffins 100.20 690.4   Aromatics 176.31 922.5 

  Naphthenes  87.30 773.7 C15 N-Paraffins 212.42 772.4 

  Aromatics  78.11 879.0   I-Paraffins 212.42 843.7 

C8 N-Paraffins 114.23 706.5   Naphthenes 210.40 893.7 

  I-Paraffins 114.23 713.6   Aromatics 176.31 898.5 

  Naphthenes 106.62 783.8 C16 N-Paraffins 226.45 777.2 

  Aromatics  92.14 867.0   Other 

Saturates 

225.45 899.9 

C9 N-Paraffins 128.26 721.5   Aromatics 204.37 950.9 

  I-Paraffins 128.26 732.7 C17 N-Paraffins 240.47 782.0 

  Naphthenes 126.24 790.1   Other 

Saturates 

239.48 924.3 

  Aromatics 106.17 868.1   Aromatics 218.39 977.3 

C10 N-Paraffins 142.28 733.9 C18 N-Paraffins 254.50 785.5 

  I-Paraffins 142.28 762.7   Other 

Saturates 

253.50 909.5 

  Naphthenes 140.27 821.2   Aromatics 232.42 959.5 

  Aromatics 120.20 887.7 C19 N-Paraffins 268.53 789.0 

C11 N-Paraffins 156.31 744.0   Other 

Saturates 

267.53 936.0 

  I-Paraffins 156.31 780.6   Aromatics 246.45 986.0 

  Naphthenes 154.30 839.6 C20  N-Paraffins     

  Aromatics 134.23 894.2   Other 

Saturates 

    

     Aromatics   
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Micro-distillation data 

 

Table 3. Results of the  micro-distillation, ML-5 

 

 

 

Table 4. Results of the micro-distillation, BILDM-3 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature (°C) weight  (g) Weight (%) Cumulated weight (%) 

100 1.633998 1.633998 13.65305816 

130 1.0931 2.727098 22.78658088 

150 0.8049 3.531998 29.51201537 

175 0.8952 4.427198 36.9919619 

195 0.466702 4.8939 40.89154412 

210 0.3602 5.2541 43.90123663 

230 0.6647 5.9188 49.4552139 

270 1.5705 7.4893 62.57770722 

300 1.0515 8.5408 71.36363636 

325 0.8434 9.3842 78.41076203 

344 0.2833 9.6675 80.77790775 

Temperature (°C) Weight (g) Weight (%) Cumulated weight  

(%) 

100 0.000 0.000  

130 0.000 0.000  

150 0.000 0.000  

175 0.102 0.430 3.4 

195 0.170 0.600 4.7 

210 0.248 0.848 6.6 

230 0.173 1.022 8.0 

270 0.812 1.834 14.4 

300 0.741 2.575 20.2 

321 0.732 3.307 25.9 
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Table 5. Results of the micro- distillation, AKPO-2009  

 

 

Table 6. Results of the micro-distillation, EMEM7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature (°C) Weight (g) Weight (%) Cumulated weight (%) 

100 2.003 2.003 16.3 

130 0.821 2.824 23.0 

150 0.824 3.648 29.6 

175 0.872 4.520 36.7 

195 0.272 4.792 38.9 

210 0.357 5.148 41.8 

230 0.675 5.823 47.3 

270 1.608 7.431 60.4 

300 0.872 8.303 67.5 

325 0.795 9.098 73.9 

344 0.489 9.587 77.9 

Temperature (°C) Weight (g) Weight (%) Cumulated weight (%) 

100 1.620 1.620 13.5 

130 0.514 2.133 17.7 

150 0.512 2.645 22.0 

175 0.577 3.223 26.8 

195 0.455 3.678 30.6 

210 0.277 3.955 32.9 

230 0.499 4.453 37.0 

270 1.013 5.467 45.4 

300 0.811 6.278 52.2 

325 0.731 7.009 58.2 

344 0.345 7.353 61.1 
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Results of the impact of the number of theoretical plates 

 

Table 7. Results of the simulation, samples ML-5, (2 theoretical plates and reflux ratio=120) 

 

Temperature (°C) Weight (g) Weight (%) Cumulated weight (%) 

    

28 0.540 4.511970682 4.511970682 

36 0.100 0.835585391 5.347556073 

69 0.570 4.762352005 10.10990808 

81 0.360 3.008224159 13.11813224 

99 0.840 7.019155132 20.13728737 

110 0.800 6.684894667 26.82218204 

126 1.200 10.02604842 36.84823046 

140 0.840 7.018154147 43.8663846 

151 0.600 5.012926472 48.87931108 

170 0.840 7.018124141 55.89743522 

175 0.190 1.587530727 57.48496594 

181 0.240 2.005350379 59.49031632 

196 0.550 4.595596636 64.08591296 

206 0.380 3.175150338 67.2610633 

226 0.840 7.018675775 74.27973907 

234 0.360 3.008007888 77.28774696 

241 0.360 3.008009569 80.29575653 

255 0.670 5.598274191 85.89403072 

271 0.670 5.598243002 91.49227372 

290 0.580 4.846248298 96.33852202 

302 0.220 1.838235367 98.17675739 

337 0.200 1.671123095 99.84788048 
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Table 8.  Results of the simulation, sample ML-5, (12 theoretical plates and reflux ratio =120)   

 

Temperature (°C) Weight (g) Weight (%) Cumulated weight (%) 

28 0.265 2.201702202 4.511970682 

36 0.070 0.581619509 5.347556073 

49 0.030 0.249271391 10.10990808 

69 0.240 1.994141231 13.11813224 

81 0.300 2.492690978 20.13728737 

99 0.640 5.317399592 26.82218204 

110 0.600 4.985828273 36.84823046 

126 1.260 10.47073457 43.8663846 

140 0.680 5.649647691 48.87931108 

151 0.490 4.071295337 55.89743522 

170 0.840 6.979883893 57.48496594 

175 0.210 1.745049868 59.49031632 

181 0.210 1.744784337 64.08591296 

196 0.423 3.514690784 67.2610633 

206 0.390 3.240646073 74.27973907 

226 0.680 5.650116417 77.28774696 

241 1.220 10.13625411 80.29575653 

255 0.530 4.404059641 85.89403072 

271 0.740 6.14856322 91.49227372 

287 0.700 5.815862304 96.33852202 

290 0.240 1.994014208 98.17675739 

302 0.480 3.98794429 99.84788048 

330 0.500 4.154060973 4.511970682 

344 0.060 0.498475557 5.347556073 
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Table 9.  Results of the simulation, sample ML-5, (15 theoretical plates and reflux ratio =120) 

 

Temperature (°C) Weight (g) Weight (%) Cumulated weight (%) 

81 0.133 1.110793761 1.110793761 

99 0.510 4.261347626 5.372141387 

110 0.580 4.846295736 10.21843712 

126 1.035 8.648103631 18.86654075 

140 0.900 7.519919771 26.38646052 

151 0.570 4.762683695 31.14914422 

170 0.820 6.851548873 38.00069309 

175 0.195 1.629298866 39.62999196 

182 0.300 2.506608226 42.13660018 

205 0.940 7.854107694 49.99070788 

226 0.960 8.021239249 58.01194713 

241 0.780 6.517273778 64.52922091 

271 2.160 18.0482542 82.5774751 

295 1.200 10.02685692 92.60433202 

 

Table 10. Results of the simulation, sample ML-5, (18 theoretical plates and reflux ratio =120) 

Temperature (°C) Weight (g) Weight  (%) Cumulated weight (%) 

36 0.335 2.799018781 2.799018781 

69 0.270 2.255682147 5.054700929 

81 0.340 2.841027719 7.895728648 

99 0.570 4.763190506 12.65891915 

110 0.430 3.592854586 16.25177374 

126 1.320 11.02932676 27.2811005 

140 0.735 6.141673639 33.42277414 

151 0.500 4.177622267 37.60039641 

170 0.940 7.854730936 45.45512734 

175 0.120 1.003464012 46.45859136 

181 0.240 2.005420103 48.46401146 

196 0.400 3.342555002 51.80656646 

206 0.372 3.108452674 54.91501913 

226 1.172 9.794533789 64.70955292 

234 0.090 0.752023776 65.4615767 

241 0.690 5.764935307 71.22651201 

255 0.570 4.762729078 75.98924109 

271 0.682 5.699165114 81.6884062 

290 0.910 7.603263682 89.29166988 

302 0.440 3.676763267 92.96843315 

330 0.484 4.042660755 97.0110939 

344 0.168 1.40382401 98.41491791 

358 0.093 0.777105233 99.19202315 
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Table 11. Results of the simulation, sample ML-5, (30 theoretical plates and reflux ratio =120) 

Temperature (°C) Weight g) Weight (%) Cumulated weight (%) 

28 0.263 2.185066333 2.185066333 

36 0.070 0.5816153 2.766681632 

49 0.035 0.290836125 3.057517757 

69 0.240 1.994061811 5.051579568 

81 0.300 2.492476053 7.544055621 

99 0.640 5.317056591 12.86111221 

112 0.600 4.984858447 17.84597066 

126 1.210 10.05579512 27.90176578 

140 0.680 5.649561972 33.55132775 

151 0.520 4.32065025 37.871978 

170 0.840 6.978416434 44.85039443 

176 0.240 1.99405966 46.84445409 

181 0.200 1.661735606 48.5061897 

196 0.410 3.406692636 51.91288233 

206 0.390 3.240524218 55.15340655 

226 0.680 5.649779915 60.80318647 

241 1.220 10.13698704 70.9401735 

255 0.590 4.901986339 75.84215984 

271 0.720 5.982257301 81.82441714 

287 0.720 5.982898734 87.80731588 

290 0.220 1.827868183 89.63518406 

302 0.360 2.991006238 92.6261903 

330 0.540 4.486623072 97.11281337 

344 0.120 0.997001718 98.10981509 

358 0.134 1.113382187 99.22319727 
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Table 12. Results of the simulation, sample AKPO-2009, (15 theoretical plates and reflux ratio =120) 

Température (°C) Masse (g) Weight  (%) Cumulated weight (%) 

28 0.370 3.007154458 3.007154458 

36 0.120 0.9756686 3.982823058 

69 0.720 5.852644166 9.835467225 

81 0.300 2.437669424 12.27313665 

99 0.930 7.558911538 19.83204819 

110 0.140 1.13781365 20.96986184 

126 1.280 10.4043858 31.37424764 

140 0.268 2.178489773 33.55273741 

151 0.620 5.038443652 38.59118107 

170 0.870 7.071177031 45.6623581 

175 0.130 1.056520807 46.7188789 

181 0.080 0.650344083 47.36922299 

196 0.520 4.226547343 51.59577033 

213 0.840 6.827183735 58.42295407 

226 0.920 7.475535042 65.89848911 

236 0.160 1.300576474 67.19906558 

241 0.510 4.144583635 71.34364922 

255 0.570 4.634037667 75.97768688 

271 0.825 6.705044057 82.68273094 

290 0.920 7.4757709 90.15850184 

297 0.120 0.975338701 91.13384054 

Table 13. Results of the simulation, sample EMEM7, (15 theoretical plates and reflux ratio =120) 

Temperature (°C) weight (g) weight (%) Cumulated weight (%) 

28 0.425 3.531449405 3.531449405 

36 0.240 1.99414965 5.525599055 

69 0.540 4.48656606 10.01216512 

81 0.220 1.828157762 11.84032288 

99 0.872 7.245468487 19.08579136 

110 0.120 0.996642653 20.08243402 

126 1.227 10.19588553 30.27831955 

140 0.167 1.387067677 31.66538722 

151 0.600 4.985198292 36.65058551 

170 0.700 5.815943582 42.4665291 

175 0.240 1.994061687 44.46059078 

181 0.285 2.367965005 46.82855579 

196 0.490 4.071289634 50.89984542 

210 0.615 5.111753598 56.01159902 

230 1.040 8.639989468 64.65158849 

241 0.520 4.320355409 68.9719439 

255 0.530 4.40349735 73.37544125 

270 0.745 6.190913836 79.56635508 

290 1.005 8.351570325 87.91792541 

300 0.315 2.617191935 90.53511735 

344 0.810 6.729916053 97.2650334 

375 0.240 1.994047511 99.25908091 
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Table 14. Results of the simulation, sample BILDM-3, (15 theoretical plates and reflux ratio =120) 

Temperature (°C) weight (g) weight (%) Cumulated weight 
(%) 

69 0.122 1.165699207 1.165699207 

99 0.003 0.031647657 1.197346864 

110 0.006 0.057419554 1.254766418 

125 0.240 2.29742205 3.552188468 

140 0.034 0.322551758 3.874740225 

151 0.170 1.62702026 5.501760485 

170 0.363 3.474588525 8.97634901 

175 0.110 1.053390302 10.02973931 

181 0.240 2.297142867 12.32688218 

206 0.847 8.106948473 20.43383065 

226 0.770 7.371808211 27.80563886 

234 0.240 2.298097223 30.10373609 

241 1.080 10.33702684 40.44076293 

255 0.580 5.55155014 45.99231307 

271 0.720 6.891953736 52.88426681 

290 2.020 19.33380997 72.21807678 

302 0.600 5.742473265 77.96055004 

330 1.416 13.55686443 91.51741447 

344 0.009 0.086116987 91.60353146 

358 0.480 4.59411252 96.19764398 
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Results of the impact of reflux ratio with various Thermodynamic Models 

 

Table 15. Results of the simulation, sample ML-5, (18 theoretical plates and reflux ratio = 2) 

 

Temperature (°C) weight (g) weight (%) Cumulated weight (%) 

36 0.425 3.550946811 3.550946811 

69 0.390 3.258852444 6.809799255 

81 0.285 2.381169092 9.190968348 

99 0.720 6.016070497 15.20703884 

110 0.660 5.515776003 20.72281485 

126 1.020 8.524638516 29.24745336 

140 0.800 6.685107639 35.932561 

151 0.520 4.344974545 40.27753555 

170 0.775 6.477342419 46.75487797 

175 0.180 1.504102399 48.25898036 

181 0.200 1.67115802 49.93013838 

196 0.560 4.67920214 54.60934052 

206 0.360 3.007996744 57.61733727 

226 0.970 8.104935084 65.72227235 

234 0.420 3.509392298 69.23166465 

241 0.360 3.009145957 72.24081061 

255 0.645 5.390811433 77.63162204 

271 0.720 6.015870848 83.64749289 

290 0.920 7.687277044 91.33476993 

302 0.450 3.759859843 95.09462977 

330 0.360 3.008108055 98.10273783 

343 0.120 1.002674131 99.10541196 
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Table 16. Results of the simulation sample ML-5, (18 theoretical plates and reflux ratio =50) 

 

Température (°C) weight (g) weight (%) Cumulated weight (%) 

28 0.257 2.143455157 2.143455157 

36 0.065 0.543147848 2.686603006 

69 0.280 2.33959942 5.026202426 

81 0.360 3.00802949 8.034231916 

99 0.600 5.013319358 13.04755127 

110 0.510 4.26098017 17.30853144 

126 1.240 10.36234086 27.67087231 

140 0.720 6.016119304 33.68699161 

151 0.480 4.010725721 37.69771733 

170 0.900 7.520598964 45.2183163 

175 0.240 2.005069488 47.22338578 

181 0.240 2.005069488 49.22845527 

196 0.420 3.508682631 52.7371379 

206 0.360 3.009561752 55.74669966 

226 1.150 9.610193387 65.35689304 

234 0.170 1.420638897 66.77753194 

241 0.580 4.845902663 71.6234346 

255 0.580 4.846716138 76.47015074 

271 0.720 6.016433377 82.48658412 

290 0.920 7.687934168 90.17451829 

302 0.420 3.509374275 93.68389256 

330 0.489 4.085691714 97.76958427 

 

 

Table 17. Results of the simulation, ML-5, (15 theoretical plates and reflux ratio =1.5) 

 

 

 

 

 

 

 

Température (°C) weight  (g) weight (%) Cumulated weight (%) 

81 0.133 1.110793761 1.110793761 

99 0.510 4.261347626 5.372141387 

110 0.580 4.846295736 10.21843712 

126 1.035 8.648103631 18.86654075 

140 0.900 7.519919771 26.38646052 

151 0.570 4.762683695 31.14914422 

170 0.820 6.851548873 38.00069309 

175 0.195 1.629298866 39.62999196 

182 0.300 2.506608226 42.13660018 

205 0.940 7.854107694 49.99070788 

226 0.960 8.021239249 58.01194713 

241 0.780 6.517273778 64.52922091 

271 2.160 18.0482542 82.5774751 

295 1.200 10.02685692 92.60433202 
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Table 18. Simulation results with UNIFAC thermodynamic model -15 theoretical plates and  

                 reflux ratio  = 120, (sample ML-5). 

 

Temperature (°C) weight (g) weight (%) Cumulated weight (%) 

28 0.545 4.553965208 4.553965208 

36 0.090 0.752074949 5.306040157 

69 0.550 4.594770165 9.900810322 

99 1.080 9.026522609 18.92733293 

110 0.700 5.850371333 24.77770426 

126 1.130 9.442179581 34.21988384 

151 1.400 11.69974585 45.9196297 

174 0.960 8.022225449 53.94185515 

196 0.888 7.420052587 61.36190773 

216 0.840 7.018592977 68.38050071 

236 1.050 8.773425603 77.15392631 

254 1.020 8.522886185 85.6768125 

270 0.345 2.883233567 88.56004606 

287 0.480 4.010215486 92.57026155 

302 0.380 3.175293382 95.74555493 

330 0.338 2.824155341 98.56971027 

 

Table 19. Simulation results with thermodynamic model IDEAL - 15 theoretical plates 

                 and reflux ratio = 120, (sample ML-5). 

 

Temperature (°C) weight (g) weight (%) Cumulated weight (%) 

28 0.251 2.097479064 2.097479064 

36 0.070 0.584888221 2.682367285 

69 0.251 2.097354781 4.779722067 

81 0.270 2.256146501 7.035868568 

99 0.612 5.11266205 12.14853062 

110 0.615 5.138782965 17.28731358 

126 1.220 10.19660397 27.48391756 

140 0.732 6.116645278 33.60056283 

151 0.440 3.676479201 37.27704203 

170 0.960 8.021177462 45.2982195 

175 0.132 1.103395435 46.40161493 

181 0.155 1.295174986 47.69678992 

196 0.493 4.119150249 51.81594017 

206 0.320 2.673831528 54.4897717 

226 1.250 10.44281352 64.93258521 

241 0.555 4.637531865 69.57011708 

255 0.700 5.848811056 75.41892813 

271 0.700 5.850598623 81.26952676 

287 0.680 5.682745277 86.95227203 

290 0.240 2.005536145 88.95780818 

302 0.378 3.158603362 92.11641154 

316 0.560 4.67927479 96.79568633 

330 0.012 0.100264405 96.89595074 

344 0.120 1.002615425 97.89856616 

354 0.060 0.501336692 98.39990285 
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Tablea20.  Summary table of petroleum fractions redistributed (C7-C20), molar composition of samples 

                   ML-5, AKPO-2009, EMEM7, BILDM-3. 

 
 

Cuts Representant_Cat TBP 

BruneiML-5 AKPO-2009 EMEM7 BILDM-3 

Mole % 

Cut_CD 

Mole  % 

Cut_CD 

Mole % 

Cut_CD 

Mole% 

Cut_CD 

 

C1 METHANE -161.34 0.038 0 0 0.016 

C2 ETHANE -88.48 0.319 0.099 0.081 0.043 

C3 PROPANE -41.92 0.994 1.062 1.597 0.028 

IC4 ISOBUTANE -11.57 0.665 1.379 1.073 0.03 

NC4 N.BUTANE -0.35 1.226 2.641 3.827 0.058 

IC5 ISOPENTANE 27.994 1.296 3.336 2.76 0.044 

NC5 N.PENTANE 36.22 1.154 2.916 2.92 0.062 

C6_I-Paraffins 2-METHYLPENTANE 60.4 1.979986682 4.0593518 2.505234077 0.155357348 

C6_N.Paraffins N.HEXANE 68.88 1.171209604 2.777118885 1.917921828 0.037484476 

C6_Naphta CYCLOPENTANE 49.4 0.443036689 0.455729315 0.898322755 

 

       C7_I-Paraffins 2-METHYLHEXANE 90.2 1.571364909 3.004230565 1.699564289 0.186257121 

C7_N.Paraffins N.HEPTANE 98.58 1.241204746 2.460817397 1.449724057 0.013782239 

C7_Naphta CYCLOHEXANE 80.87 5.036001072 5.455453688 7.413314395 0.664474671 

C7_Aromatique BENZENE 80.24 2.442913827 0.76839835 0.372335282 0.011113013 

       C8_I-Paraffins 3-ETHYLHEXANE 132.03 3.533846205 4.354959572 3.377003509 1.38985163 

C8_N.Paraffins N.OCTANE 125.83 1.475048771 1.600638575 1.394844307 0.077825133 

C8_Naphta 1-METHYLCYCLOHEXANE 101.084 6.315019059 5.407667227 6.053363063 0.668923889 

C8_Aromatique TOLUENE 110.78 6.415126978 1.741234626 0.94412066 0.018305119 

       C9_I-Paraffins 1-ETHYLCYCLOHEXANE 129 2.285646599 1.921594816 1.771144009 0.4489313 

C9_N.Paraffins N.NONANE 150.97 1.227348555 2.035007688 1.120544684 0.103644702 

C9_Naphta METHYLETHYLCYCLOHEXANE 101.084 1.576513084 1.897385876 3.159685868 1.808683127 

C9_Aromatique META-XYLENE 139.27 6.742221427 2.771111621 1.557793183 0.068457532 

       C10_I-Paraffins 2,6-DIMETHYLOCTANE 160.5 2.216025417 1.95168511 2.026584315 0.829622457 

C10_N.Paraffins N.DECANE 174.305 1.239530554 1.935123741 0.965693636 0.075644466 

C10_Naphta METHYLPROPYLCYCLOHEXANE 101.084 1.115664059 0.568373886 1.737672209 1.336410509 

C10_Aromatique 1,2,4-TRIMETHYLBENZENE 169.53 3.644489854 1.670517264 1.49393136 0.784268214 

       C11_I-Paraffins 2,6-DIMETHYLNONANE 170.55 0.888860647 1.04752058 1.121615928 0.680968604 

C11_N.Paraffins N.UNDECANE 196.078 0.948983914 1.832248915 0.907251567 0.051193773 

C11_Naphta N.BUTYLCYCLOHEXANE 181.131 0.979629667 0.752335871 1.25606763 1.533622448 

C11_Aromatique 1,2,3-TRIMETHYLBENZENE 176.27 1.852737494 0.572494634 1.73736161 1.793577678 

       C12_I-Paraffins 5-METHYLINDANE 203.3 1.129205236 1.021083905 0.791150602 0.765027488 

C12_N.Paraffins N.DODECANE 174.305 0.87831688 2.521521585 0.775350458 0.052003739 

C12_Naphta NAPHTALENE 218.143 1.431071732 0.681229713 0.948457999 1.430343825 

C12_Aromatique 1,2,4,5-TETRAMETHYLBENZENE 169.53 0.895326642 1.231964798 1.746418964 2.134060105 

       C13_I-Paraffine 2,6-DIMETHYLUNDECANE 205.69 0.0263257 0.026394987 0.025577349 1.354419588 

C13_N.Paraffine N.TRIDECANE 234.8 4.684054332 4.798586252 4.306098308 0.129065458 

C13_Naphta C12-NAPHTENE-2 197.2 0.041345597 0.020420564 0.033706301 2.380969972 

C13_Aromatique C12-AROMATIQUE-1 226.3 0.005009793 0.004698196 0.017070275 1.528155397 
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Tablea20.  Summary table of petroleum fractions redistributed (C7-C20), molar composition of samples 

                   ML-5, AKPO-2009, EMEM7, BILDM-3. 

 

Cuts Representant_Cat TBP 

ML-5 AKPO-2009 EMEM7 BILDM-3 

Mole % 

Cut_CD 

Mole % 

Cut_CD 

Mole % 

Cut_CD 

Mole % 

Cut_CD 

 

C14_I-Paraffins 2-METHYLNAPHTALENE 241.2 1.004595923 1.241518557 1.193526202 1.232863688 

C14_N.Paraffins 2-METHYLNAPHTALENE 241.202 2.034864942 2.118568184 0.92288119 0.364946561 

C14_Naphta 1-METHYLNAPHTALENE 264.1 1.145728522 0.583748934 1.151503386 2.166862345 

C14_Aromatique C13-AROMATIQUE-1 255.5 0.624615735 0.304664325 0.660037413 1.453939192 

       C15_I-Paraffins 2,6,10-TRIMETHYLTRIDECANE 

 

0.780382222 1.053054278 1.08731811 1.642354907 

C15_N.Paraffins N.PENTADECANE 270.764 1.26701898 1.577123298 0.701541112 0.083861746 

C15_Naphta C2-NAPHTALENE-2 255.2 0.915006814 0.526354985 0.737413817 1.339603674 

C15_Aromatique C14-AROMATIQUE 270.2 0.785266248 0.504867439 0.864699494 2.031763252 

       C16_I-Paraffins SATURE-6 240.47 0.762979322 0.707179903 0.712166897 2.581459346 

C16_N.Paraffins N.HEXADECANE 286.943 1.214000258 1.577432258 1.243882148 0.084944728 

C16_Aromatique AROMATIQUE-2 289.7 0.793624135 0.862687839 0.616636072 1.901705418 

       C17_I-Paraffins SATURE-13 303 1.011331532 1.041673369 1.187190549 2.155149845 

C17_N.Paraffine N.HEPTADECANE 302.3 0.673823817 1.343952922 0.604409388 0.138003561 

C17_Aromatique AROMATIQUE-4 304.9 0.7918978 0.304573709 0.682269073 2.079725993 

       C18_I-Paraffins SATURE-14 303 0.876907318 0.826909239 0.845588981 1.317711794 

C18_N.Paraffins N.OCTADECANE 316.5 1.206805623 0.992709675 1.188861085 0.181747873 

C18_Aromatique AROMATIQUE-7 304.9 0.361966875 0.418881085 0.473160953 2.531570939 

       C19_I-Paraffins SATURE-17 336.09 0.582888939 0.40995865 1.103589966 2.515149686 

C19_N.Paraffins N.NONADECANE 330.75 0.997267002 1.131387531 0.501233319 0.074303544 

C19_Aromatique SATURE-17 336.9 0.285297867 0.36305382 0.477862941 1.179185736 

       C20_I-Paraffins SATURE-21 358.02 0.356022478 0.43038471 0.608519037 1.987906676 

C20_N.Paraffins N.EICOSANE 343.95 0.74022629 0.904971451 0.42521877 0.071308412 

C20_Aromatique AROMATIQUE-10 304.9 0.393699561 0.275943839 0.540740033 1.37286858 
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Tables 21 & 22. Composition of the liquid and detailed analysis of petroleum fractions C1-C7 

                            (Sample ML-5) 

 

Liquid Composition  

 

 

Detailed Analysis (C1-C7) 

 

Cuts 

 

Weight % 

 

Mole % 

 

Mw 

 

 

Name 

 

Weight % 

 

Mole % 

 

 

Mw (g/mol) 

 

 

C1 0.004 0.038 16.04 

 

METHANE 0.00 0.04 16.04 

C2 0.060 0.319 30.07 

 

        

C3 0.275 0.994 44.10 

 

ETHANE 0.06 0.32 30.07 

IC4 0.243 0.665 58.12 

 

PROPANE 0.28 0.99 44.10 

NC4 0.447 1.226 58.12 

 

ISOBUTANE 0.24 0.67 58.12 

IC5 0.587 1.296 72.15 

 

N.BUTANE 0.45 1.23 58.12 

NC5 0.523 1.154 72.15 

 

NEOPENTANE 0.01 0.02 72.15 

C6 1.828 3.594 81.00 

 

        

C7 6.106 10.291 94.50 

 

ISOPENTANE 0.59 1.30 72.15 

C8 12.029 17.739 108.00 

 

N.PENTANE 0.52 1.15 72.15 

C9 9.026 11.832 121.50 

 

2,2-DIMETHYLBUTANE 0.07 0.13 86.18 

C10 6.964 8.216 135.00 

 

CYCLOPENTANE 0.19 0.44 70.13 

C11 4.354 4.670 148.50 

 

2,3-DIMETHYLBUTANE 0.13 0.24 86.18 

C12 4.408 4.334 162.00 

 

2-METHYLPENTANE 0.52 0.95 86.18 

C13 5.241 4.757 175.50 

 

        

C14 5.708 4.810 189.00 

 

3-METHYLPENTANE 0.34 0.63 86.18 

C15 4.765 3.748 202.50 

 

N.HEXANE 0.63 1.16 86.18 

C16 3.757 2.771 216.00 

 

2,2-DIMETHYLPENTANE 0.04 0.07 100.20 

C17 3.569 2.477 229.50 

 

1-METHYLCYCLOPENTANE 0.87 1.65 84.16 

C18 3.731 2.446 243.00 

 

2,4-DIMETHYLPENTANE 0.06 0.09 100.20 

C19 3.004 1.865 256.50 

 

2,2,3-TRIMETHYLBUTANE 0.02 0.03 100.20 

C20 2.526 1.490 270.00 

 

        

C21 2.238 1.258 283.50 

 

BENZENE 1.27 2.60 78.11 

C22 2.082 1.117 297.00 

 

        

C23 1.975 1.013 310.50 

 

3,3-DIMETHYLPENTANE 0.03 0.05 100.20 

C24 1.816 0.893 324.00 

 

CYCLOHEXANE 1.20 2.27 84.16 

C25 1.714 0.809 337.50 

 

        

C26 1.615 0.733 351.00 

 

        

C27 1.609 0.703 364.50 

 

        

C28 1.665 0.701 378.00 

 

2-METHYLHEXANE 0.37 0.59 100.20 

C29 1.509 0.614 391.50 

 

2,3-DIMETHYLPENTANE 0.13 0.20 100.20 

C30+ 4.621 1.429 515.11 

 

1,1-DIMETHYLCYCLOPENTANE 0.11 0.18 98.19 

     

3-METHYLHEXANE 0.40 0.64 100.20 

Molecular 

weight 
159.27 

  
 

        

(g/mol) 
   

 

        

 
    

1,C-3-DIMETHYLCYCLOPENTANE 0.21 0.34 98.19 

Density @ 40 °c 
 

1,T-3-DIMETHYLCYCLOPENTANE 0.20 0.33 98.19 

Density @ 15 °c 
 

1,T-2-DIMETHYLCYCLOPENTANE 0.04 0.06 98.19 

Viscosity @ 40° c (cPo) 
 

3-METHYLHEXANE 0.40 0.64 100.20 

Viscosity @ 40° c (cPo) 
 

N.HEPTANE 0.83 1.32 100.20 

 


