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Types of  Distillation Curve 

 

1- True Boiling 

point(TBP) Distillation 

2-   ASTM Distillation 

3- Semi-fractionating Distillation 

4- Equilibrium  Flash Vaporization(EFV) 

 

1) TBP: This type of distillation is commonly used due to 

the accuracy of the results obtained by this method which 

is very close to that  obtained  via  real  distillation  or  

industrial distillation. In this distillation, there is a 

fractionation column located between the condenser  and 

the flask. In general, this type of distillation is carried out 

by two steps: firstly, under atmospheric pressure until 

300°C (1% distilled very 2 min),  secondly under vacuum 

pressure (to prevent cracking process and to reduce the 

boiling point) at 40mmHg (1% distilled  every  3-5  min). 

In this process, the vapor press. temp.  is plotted  vs.  

distilled(%) to get TBP curve. 

 

 

2) ASTM: In this type of distillation there is on 
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fractionation column located between the condenser and 

the flask. On the other hand, the raised vapor will not be 

fractionated in this process. This distillation is used with 

fractions having short range of the boiling point. 

 

3) Semi-fractionating distillation: In this type of 

distillation, their  will  be  some fractionating process on 

the raised vapor via package located between the 

condenser and the flask. 

 

4) Equilibrium Flash Vaporization (EFV): Is a single 

stage separation technique. A liquid mixture feed is  

pumped  through a heater to  raise the temperature and  

enthalpy of the mixture. It then flows through a valve and 

the pressure is reduced, causing the liquid to  partially 

vaporize. Because the vapor and  liquid  are in such  close 

contact  up  until the "flash" occurs, the product liquid  and  

vapor phases approach equilibrium. 
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Fig.  5. TBP cut point versus ASTM end 

point 
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Fig.  6. Crude distillation 

curve 
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Fig. 7. TBP and  gravity-

mid-percent curves 
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As mentioned previously, a barrel of crude oil has a 

mixture of all sorts of hydrocarbons in it. Oil refining 

separates everything into useful substances. 

 

The petroleum refining industry converts crude oil into 

more than 2500 refined products, including liquefied 

petroleum gas, gasoline, kerosene, aviation fuel, diesel 

fuel, fuel oil, lubricating oil and petrochemical industry 

feedstock. Petroleum refining activities start with receipt 

of the crude oil at the refinery, followed by multiple 

petroleum handling and refining operations and terminate 

with storage of the refined products prior to shipment. 

 

The petroleum refining industry employs a variety of 

processes to manufacture multiple products. A refinery’s 

processing flow scheme is largely determined by the 

composition of the crude oil feedstock and the petroleum  

products  it  chooses  to  manufacture.  Figure  1  

illustrates     a schematic for a crude oil refinery process. 

There are five categories of general refinery processes 

and associated operations: 

 

1. Separation processes 

 

Desalting ,Atmospheric distillation, Vacuum 

distillation , Light ends recovery / gas processing 

 

2. Petroleum conversion processes 
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Catalytic cracking, Thermal cracking 

(Visbreaking), Alkylation, Polymerization 

Isomerization, Reforming, Coking 

 

3. Petroleum treating processes 

 

Hydrotreating, Chemical sweetening, Acid 

gas removal, Deasphalting, Asphalt 

blowing, Dewaxing 
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4. Feedstock and product handling 

Storage, Blending, Loading, Unloading 

 

 
 

 

Figure 1: Overall Refinery flow 



Petroleum Refining  Dr.RAFI J.ALGAWI 

9 

 

 

CRUDE OIL PRETREATMENT 

(DESALTING). 

a. Crude oil often contains water, inorganic salts, 

suspended solids, and water-soluble trace metals. As a 

first step in the refining process, to reduce corrosion, 

plugging, and fouling of equipment and to prevent 

poisoning the catalysts in processing units, these 

contaminants must be removed by desalting 

(dehydration). 

 

b. The two most typical methods of crude-oil desalting, 

chemical and electrostatic separation, use hot water as 

the extraction agent. In chemical desalting, water and 

chemical surfactant (demulsifiers) are added to the crude, 

heated so that salts and other impurities dissolve into the 

water or attach to the water, and then held in a tank 

where they settle out.  Electrical desalting is the 

application of high-voltage electrostatic charges to 

concentrate suspended water globules in the bottom of 

the settling  tank. Surfactants are added only when the 

crude has a large amount of suspended solids. Both 

methods of desalting are continuous. A third and less-

common process involves filtering heated crude using 

diatomaceous earth. 

 

c. The feedstock crude oil is heated to between 150° and 

350°F to reduce viscosity and surface tension for easier 

mixing and separation of the water. The temperature is 

limited by the vapor pressure of the crude-oil feedstock. 

In both methods other chemicals may be added. 

Ammonia is often used to reduce corrosion. Caustic or 

acid may be added to adjust the pH of the water wash. 

Wastewater and contaminants are discharged from the 
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bottom of the settling tank to the wastewater treatment 

facility. The desalted crude is continuously drawn from 

the top of the settling tanks and sent to the crude 

distillation (fractionating) tower. 

 

 

Figure 2: Desalting of crude oil 
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Fractional Distillation 

The various components of crude oil have different 

sizes, weights and boiling temperatures; so, the first 

step is to separate these components. Because they 

have different boiling temperatures, they can  be 

separated easily by a process called fractional 

distillation. 

 

Fractional distillation is useful for separating a mixture 

of substances with narrow differences in boiling points, 

and is the most important step in the refining process. 

Very few of the components come out of the fractional 

distillation  column ready for market. Many of them must 

be chemically processed to make other fractions. For 

example, only 40% of distilled crude oil is gasoline; 

however, gasoline is one of the major products made by 

oil companies. Rather than continually distilling large 

quantities of crude oil, oil companies chemically process 

some other fractions from the distillation column to make 

gasoline; this processing increases the yield  of gasoline 

from each barrel of crude oil. 

 

Crude Distillation and light End Unit 
 

Description. 

 

The first step in the refining process is the separation of 

crude oil into various fractions or straight-run cuts by 

distillation in atmospheric and vacuum towers. The main 

fractions or "cuts" obtained have specific boiling-point 

ranges and can be classified in order of decreasing 

volatility into gases, light distillates, middle distillates, 
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gas oils, and residuum. 

 

1. Atmospheric Distillation Tower. 

A. At the refinery, the desalted crude feedstock is 

preheated using recovered process heat. The feedstock 

then flows to a direct-fired crude charge heater where it 

is fed into the vertical distillation column just above the 

bottom, at pressures slightly above atmospheric and at 

temperatures ranging from 650° to 700° F (heating crude 

oil above these temperatures may cause undesirable 

thermal cracking). All but the heaviest fractions flash 

into vapor. As the hot vapor rises in the tower, its 

temperature is reduced. Heavy fuel oil or asphalt residue 

is taken from the 
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bottom. At successively higher points on the 

tower, the various major products including 

lubricating oil, heating oil, kerosene, 

gasoline, and uncondensed gases (which 

condense at lower temperatures) are drawn  

off. 

 

B. The fractionating tower, a steel 

cylinder about 120 feet high, contains 

horizontal steel trays for separating and 

collecting the liquids. At each tray, vapors 

from below enter perforations and bubble 

caps. They permit the vapors to bubble 

through the liquid on the tray, causing some 

condensation at the temperature of that tray. 

An overflow pipe drains the condensed 

liquids from each tray back to the tray 

below, where the higher temperature causes 

re-evaporation. The evaporation, 

condensing, and scrubbing operation is 

repeated many times until the desired degree 

of product purity is reached. Then side 

streams from certain trays are taken off to 

obtain the desired fractions. Products 

ranging from uncondensed fixed gases at the 

top to heavy fuel oils at the bottom can be 

taken continuously from a fractionating 
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tower. Steam is often used in towers to 

lower the vapor pressure and create a partial 

vacuum. The distillation process separates 

the major constituents of crude oil into so-

called straight-run products. Sometimes 

crude oil is "topped" by distilling off only 

the lighter fractions, leaving a heavy residue 

that is often distilled further under high 

vacuum. 

 

Figure 1: Atmospheric 
Distillation 

The process flow diagram of a typical 
crude distillation unit is shown in Figure 4.1. 
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Crude oil is pumped from storage tanks 
where it is freed from sediments and free 
water by gravity. It goes through a series 
of heat exchangers where it is heated with 
hot products coming out from the 
distillation column and by the exchange 
with heat from the pumparound liquid 
streams. The temperature of the crude feed 
can reach 120–150 oC (248–302 oF). 

The crude oil contains salt in the form of 
dissolved salt in the tiny droplet of water 
which forms a water-in oil emulsion. 
This water cannot be separated by gravity 
or through mechanical means. It is separated 
through electrostatic water separation. This 
process is called desalting. In the elec- 
trostatic desalter, the salty water droplets are 
caused to coalesce and migrate to the 
aqueous phase by gravity. It involves mixing 
the crude with dilution water (5–6 vol%) 
through a mixing valve. 

The crude is further heated in product heat 
exchangers. The preheating of the crude 
using the hot products cools down the 
products to the desired temperature for 
pumping to the storage tanks. This is 
essential for the economics of the unit in 
terms of energy conservation and 
utilization. Of course, preheating is not 
enough, as the crude has to be partially 
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vaporized to the extent that all products, 
except for the atmospheric residue have to 
be in the vapour phase when the crude 
enters the atmospheric distillation column. 
Thus a furnace is required to boost the 
temperature to 

 

 

 

Figure 4.1 Process flow diagram of an 

atmospheric distillation unit 
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between 330 and 385 oC (626 and 725 oF) 
depending on the crude composition. 

The partially vaporized crude is 
transferred to the flash zone of the column 
located at a point lower down the column 
and above what is called the stripping 
section. The main column is typically 50 m 
(164 ft) high and is equipped with about 30–
50 valve trays. The vapour goes up in 
tremendous amounts and at a high flow rate, 
necessitating a large diameter column above 
the flash zone. At the bottom of the 
stripping section, steam is injected into the 
column to strip the atmospheric residue of 
any light hydrocarbon and to lower the 
partial pressure of the hydrocarbon vapours 
in the flash zone. This has the effect of 
lowering the boiling point of the 
hydrocarbons and causing more 
hydrocarbons to boil and go up the column to 
be eventually condensed and withdrawn as 
side streams. As the hot vapours from the 
flash zone rise through the trays up the 
column, they are contacted by the colder 
reflux down the column. In the overhead 
condenser, the vapours are condensed and 
part of the light naphtha is returned to the 
column as reflux. Further reflux is provided 
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by several pumparound streams along the 
column. 

In the distillation tower, heat required for 
separation is provided by the enthalpy of the 
feed. For effective separation heat has to be 
removed from the tower, in this case, by the 
overhead condenser and several 
pumparound streams along the tower length. 
The pumparound stream is a liquid 
withdrawn at a point below a side stream tray 
that is cooled by the cold crude feed as part of 
the preheat exchangers train. It is then 
returned to the column a few trays above 
the draw tray. This pumparound cooling 
accomplishes a number of tasks. First, the cold 
liquid condenses more of the rising vapours 
thus providing more reflux to compensate for 
the withdrawal of products from the column. 
Second, heat is removed from the column at 
higher temperatures. This is in addition to the 
heat removal from the condenser which takes 
place at relatively lower temperatures, thus 
the thermal efficiency of the column is 
improved and the required furnace duty is 
reduced. Third, pumparound streams reduce 
the vapour flow rate throughout the column. 
Therefore, the required column is smaller 
than what would otherwise be required if 
pumparound streams where not there. The 
drawback to using more pumparound 
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streams is that they tend to reduce the 
fractionation because a more fractionated 
liquid is mixed after cooling with a less 
fractionated liquid a few trays above. 

The side draw products are usually 
stripped to control their initial boiling 
point. The strippers contain several trays 
and the stripping is done using steam at 
the bottom of the stripper or reboiler 
type side stream strippers. The end 
boiling point of the side stream is 
controlled by the flow rate of the side 
stream product. 

The overhead vapour is condensed at 
the top of the tower by heat exchange with 
the cool crude coming into the unit and by 
air and cooling water. The liquid product is 
called light straight run naphtha. Part of 
this product is returned to the column as an 
external reflux. Down the column, 
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other products are withdrawn, such as heavy straight run 
naphtha, kerosene or jet fuel, LGO and HGO. All of these 
products are withdrawn above the feed tray. The 
atmospheric residue is withdrawn from the bottom of 
the column. 

The main column is equipped with between 30 and 
50 valve trays. Typical designs have the trays 
distribution between products.  

 
Since determining the initial and end point on the 

laboratory test is not always possible or accurate, the 
fractionation gap is defined as the difference between the 
ASTM 5% boiling point of the product and the 95% 
point of the lighter product. When this difference is 
positive, we have a gap indicat- ing good fractionation. A 
negative difference is called an overlap indication that 
some of the light product is still in the heavier product 
and vice versa. Figure 4.2 shows the gap and overlap 
concept. By controlling the cut point of any two 
consecutive products we can affect the degree of 
fractionation. 
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Figure 4.2 Gap and overlap (Ptak et al., 2000 

 

 

ASTM 

5% 

IBP 

Gap 

TBP 
95% 

  EP  

ASTM 

Light Cut Heavy Cut 

Perfect TBP fractionation 

TBP 

ASTM 

EP 

95% 

TBP 
5% Overlap 

IBP 
ASTM 

Light Cut Heavy Cut 

Low selectivity fractionation 



79 Crude Distillation 
 

 

2. Vacuum Distillation Tower. 

In order to further distill the residuum or 

topped crude from the atmospheric tower 

at higher temperatures, reduced pressure 

is required to prevent thermal cracking. 

The process takes place in one or more 

vacuum distillation towers. The 

principles of vacuum distillation 

resemble those of fractional distillation 

and, except that larger-diameter columns 

are used to maintain comparable vapor 

velocities at the reduced pressures, the 

equipment is also similar. The internal 

designs of some vacuum towers are 

different from atmospheric towers in that 

random packing and demister pads are 

used instead of trays. A typical first-

phase vacuum tower may produce gas 

oils, lubricating-oil base stocks, and 

heavy residual for propane deasphalting. 

A second-phase tower operating at lower 

vacuum may distill surplus residuum 

from the atmospheric tower, which is not 

used for lube-stock processing, and 

surplus residuum from the first vacuum 

tower not used for deasphalting. Vacuum 

towers are typically used to separate 
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catalytic cracking feedstock from surplus 

residuum. 

 
 

Figure 2: Vacuum 
Distillation 

Figure 4.5 shows the flow diagram of the 
vacuum distillation unit. The atmospheric 
residue can be sent directly to the vacuum 
unit after heat extraction in the crude 
preheat exchangers train. If it is sent to 
storage, the temperature should not be 
below 150 oC (300 oF) to control the 
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viscosity necessary for proper flow. It is then 
heated in several exchangers by the hot 
products and pumparounds of the vacuum 
unit. Final heating to 380–415 oC (716–779 
oF) is done in a fired heater. To minimize 
thermal cracking and coking, steam is 
injected in the heater tube passes. The feed 
enters the vacuum tower at the lower part 
of the column. As in the case of atmospheric 
distillation, a 3–5 vol% overflash is 
maintained (i.e., 3–5 vol% vapours are 
produced more than the total products 
withdrawn above the flash zone). This is to 
provide some fractionation between the 
HVGO 
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Figure 4.5  Process flow diagram of the 

vacuum distillation unit 
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drawoff tray and the flash zone, thereby controlling its 
end point. The distillate is withdrawn as LVGO and two 
other cuts, MVGO and HVGO. The two cuts of MVGO and 
HVGO are necessary to extract heat from the tower at a 
more advantageous level from the HVGO pumparound. 

Vacuum distillation columns are equipped with packing for 
fractionation and heat exchange zones. This is in order to 
reduce the pressure drop in the column which is necessary 
for creating a low vacuum in the lower section of the column. 
The bottom zone is equipped with valve trays. The 
vapours from the flash zone go through a wash and 
fractionation zone where the heavy ends are condensed 
with HVGO reflux. Further up, the column sections 
(consisting of a heat exchange and fractionation zone) are 
separated by sprays of liquid from the pumparound or the 
internal reflux. 

Vacuum distillation units have a system to create the 
vacuum that uses either ejectors or a combination of ejectors 
and liquid ring pumps. Ejectors recompress the gases 
through a nozzle where vapours from the column are sucked 
into the venturi section of the nozzle by a stream of medium 
or low pressure steam. The vapour phase at the ejector exit is 
partially condensed in an exchanger with cooling water. 
The liquid phase is then sent to the overhead drum. The 
vapour phase goes from the condenser to another ejector-
condenser stage. 

Liquid ring pumps are similar to rotor gas compressors. 
One pump can replace two or three stages of ejectors in dry or 
wet type vacuum distillation. They do not use steam and 
can significantly reduce hydrocarbon-rich aqueous 
condensates in a system using ejectors. Systems with ejectors 
are much more flexible and rapid to put into operation. The 
higher investments required by liquid ring pumps are offset 
by reduced steam consumption and lower installation costs. 
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3. Light End Fractionation 
 

Within refineries there are numerous other, smaller 

distillation towers called columns, designed to separate 

specific and unique products. Columns all work on the 

same principles as the towers described above. For 

example, a depropanizer is a small column designed to 

separate propane and lighter gases from butane and 

heavier components in the  light end unit. 

 
The light end gases are the top cut of crude distillation. 
Iso and normal butanes (C4H10) and lighter gases such as 

methane (CH4), ethane (C2H6), propane (C3H8) and 

hydrogen (H2) are then recovered and separated in  the 

refinery gas plant. Typically: 

• Hydrogen, methane and sometimes ethane are diverted 

to the refinery fuel gas header for use in site heaters and 

furnaces 

• Ethane is used as the chemical feedstock for ethylene 

upon transfer to a petrochemical complex 

• Propane is used for liquefied petroleum gas (LPG) sales 

or as the chemical feedstock for propylene 
• N-butane is used for motor gasoline blending 
• Iso-butane is used as feedstock to the alkylation 
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Lubricating Oils 
 
The remaining part at the bottom of the atmospheric 
distillation -  above 350  0C is  regarded  the  source  for  
base  lubricating  oils  extraction  via  vacuum  distillation  
in  order  to  prevent 
cracking process. 

 

Compositions 

Lubricating oil is distinguished from other fractions of 

crude oil  by  their  usually  high (>4000C) boiling point,  
as  well  as  their  high  viscosity.  Materials  suit  able  for  
the production  of  lubricating oils  are  comprised  
principally of hydrocarbons  containing from 25 

to 35 or even 40 carbon atoms per molecule. The 

composition of lubricating oil may be substantially 

different from the lubricant fraction from which it was 

derive d, as wax (norm al paraffins) is remove d by 

distillation or refining by solvent extraction and adsorption 

preferentially removes non hydrocarbon constituents as 

well as poly nuclear aromatic compounds and  the  

multiringcyclo paraffins. 

 

6.1 Manufacture 

The production of lubricating oils is well established and 

consists of four basic processes: (1) distillation to remove 

the lower-boiling and lower-molecular weight constituents 

of the feedstock, (2) solvent refining, such as deasphalting, 

and hydrogen treatment to remove the nonhydrocarbon 

constituents and to improve the feedstock quality,  (3)  

dewaxing  to  remove the wax constituents and improve 

the low-temperature properties, (4) and clay treatment or 

hydrogen treatment to  prevent instability of the  product. 
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6.2 Properties 

Lubricating oil may be divided into many categories  

according  to  the  types  of service they are intended to 

perform. However, there are two main groups: (1) oils 

used in intermittent service, such as motor and aviation 

oils, and (2) oils designed for continuous service, such as 

turbine oils. This classification is based on the SAE 

(Society of Automotive Engineers) J 300 specification and 

shown in Table below.  The  single grade oils (e.g., SAE 

20, etc.) correspond  to a single class and have to be 

selected according to engine manufacturer specifications, 

operating conditions, and climatic conditions. At -20°C, a 

multigrade lubricating oil such as SAE 10W -30 possesses 

the viscosity of a 10W oil and at 100°C, the multigrade oil 

possesses the viscosity of a SAE 30 oil. 

 

 

 

6.3 Additives 

A large number of additives are used to impart 

performance characteristics to the lubricants.  The main 

families of additives are: 

 

 Antioxidants 

 Detergents 

 Anti-wear 

 Metal deactivators 

 Corrosion inhibitors,  Rust inhibitors 

 Friction modifiers 

 Extreme Pressure 

 Anti-foaming agents 

 Viscosity index improvers 

 Demulsifying/Emulsifying 
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Solvent  Deasphalting 

Solvent deasphalting takes advantage of the fact that 

aromatic pounds are insoluble  in  paraffins. Propane 

deasphalting is commonly used to  precipitate  asphaltenes  

from  residual oils. Deasphalted oil (DAO) is sent to 

hydrotreaters, FCC units, hydrocrackers, or fuel-oil 

blending. In hydrocrackers and FCC units, DAO is easier to 

process than straight-run residual oils. This is because 

asphaltenes easily form coke and often contain catalyst 

poisons such as nickel and  vanadium, and  the asphaltene 

content of DAO is (by definition) almost  zero. 

In traditional solvent deasphalting, residual oil and propane  

are  pumped  to  an  extraction tower at 150 to 250°F (65 to 

120°C) and 350 to 600 psig (2514 to  4240 kPa). 

Separation  occurs in a tower, which may have a rotating 

disc contactor (Figure below).  Liquid  products are 

evaporated  and  steam stripped  to  recover the propane 

solvent, which is recycled. 

An advanced version of solvent deasphalting is “residuum 

oil supercritical  extraction  (ROSE),” In this process, the 

oil and solvent are mixed and heated to above the critical 

temperature of the solvent, where the oil is almost  totally 

insoluble.  Advantages  include  higher recovery of 

deasphalted liquids, lower operating costs due to  improved  

solvent  recovery, and improved energy efficiency. The 

ROSE process can employ three different solvents,  the 

choice of which depends upon process  objectives: 

Propane: Preparation of  

lube base stocks Butane :

 Asphalt production 
Pentane:       Maximum recovery of liquid 
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Solvent  Extraction 

Solvent extraction is used to remove aromatics and other 

impurities from  lube and  grease stocks. The feedstock is 

dried, then contacted with the solvent in a counter-current 

or rotating disk extraction unit (Figure above). The solvent 

is separated from the product  stream  by heating, 

evaporation, or fractionation. Remaining traces of solvent 

are removed from the  raffinate by steam stripping or 

flashing. Electrostatic precipitators may be used to enhance 

separation of  inorganic  compounds. The solvent  is then 

regenerated  and recycled. 

Today, phenol, furfural, and cresylic acid are widely used as 

solvents. In  the  past,  some  refiners installed the Edeleanu 

process, in which the solvent is liquid sulfur dioxide, but 

the hazards of potential leaks made it undesirable. 

Chlorinated ethers and nitrobenzene also have been used. 

 

 

Solvent Dewaxing 

Solvent dewaxing removes wax (normal paraffins) from 

deasphalted lube base stocks.  The main  process  steps   
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include   mixing   the   feedstock  with  the solvent,  chilling   

the  mixture to  crystallize  wax,  and  recovering   the   

solvent. Commonly used  solvents include  toluene and 

methyl ethyl ketone (MEK). Methyl isobutyl ketone 

(MIBK) is used in a wax deoiling process to  prepare food-

grade wax. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Viscosity Blending 
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Viscosity is not an additive property; therefore, viscosity blending indices are used  to  

determine the viscosity of the blended products. A number of correlations and tables are 

available for evaluating the viscosity indices. The viscosity index of the blended product is 

determined  using the  following equation: 
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…………………………(11) 
 

where xvi is the volume fraction of component i,  and  BIvisi  is  the  viscosityvindex  of  
component  i that can be determined using the following correlation 

 

        …………………………..(12) 

where vi  is the viscosity of component i, in cSt. 

The viscosity of the blended  product is then calculated using 

 

        ……………………..(13) 
 

 

 

4- Gasoline  Octane  Number Blending 
If the octane number of a blend is calculated  by the linear addition of an octane number for  

each component,  the following equation can be obtained: 

 

                    …………………(14) 

Where xvi is the volume fraction of component i, and ONi is the octane number of comp. i. 
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Many alternative methods have been proposed for estimating the octane number of gasoline 

blends since the simple mixing rule needs minor corrections. The following octane index 

correlations depend  on the octane number range as  follows: 

 

(15) 

 

 

 

 

(16) 

 

 

 

(17) 

 

 

 

 
(18) 

 

 
where xvi is the volume fraction of component i, and BIONi is the octane number index of 
component  i that can be determined from equation (15,  16, 17). 

 

 

(14) 
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To solve for RONBlend, equation (16) is solved for RON, when  IRON  equals  60.98.  The  

resulted  RONBlend  is 88.09. 
 

 

 

Depending on the availability of olefin and aromatic contents in the blended components, the 

octane number of the blend can be calculated using the linear mixing rule method with a 

correction 

 
(19) 

 

 

 
(20) 

(18) 
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(a) Calculate  the RON  and  MON for the blend using equation (19) and  (20),  then  compare 
with the reported  experimental value. 

(b) Calculate the RON of the blend using the blending index method (equations (15-19)) and 

compare  with the reported  experimental value. 
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Chemical Treatment of Petroleum Products 
 

The aims of chemical treatment is to remove the 

impurities, such as sulfur, nitrogen, oxygen, asphaltene,  

unsaturated  compounds and  some  aromatics 

compounds at low temperature. 

Treatment processes for the removal of impurities 

compounds are much less severe than the hydrotreating 

processes. In fact, it is generally recognized that the 

removal or conversion of theses compounds in distillates 

by treatment processes is usually limited  to  the  lower 

molecular  weight compounds. 

 

Methods of  Chemical Treating 

1- Oxidative Processes 

2- Caustic Processes 

3- Acid Processes 

4- Solvent Processes, having three  types 

 Solvent Deasphalting 
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 Solvent  extraction 

 Solvent  dewaxing 

 

1- Oxidative  Processes 

Oxidative treatment processes are, in fact, processes 

that have been developed to convert the objectionable-

smelling mercaptans to the  less-objectionable  

disulfides  by  oxidation.  However, disulfides tend to 

reduce the tetraethyl lead susceptibility of gasoline, and 

recent trends are toward processes that are capable of 

completely removing the mercaptans. These reactions 

are carried out on the light products (such as gasoline 

and kerosene) because the mercaptans are concentrated  

within these cuts. 

There are many methods for oxidative treating (for 

example, Bender process, Copper Sweetening Process,  

Doctor  Process,  Hypochlorite Sweetening Process, 

Merox Process). 

 
 Merox Process

Merox  is  a  proprietary catalytic chemical   process   

for   mercaptans   oxidation   developed  by UOP used  

in oil  refineries  and natural  gas  processing plants  to  

remove   mercaptans  from LPG, propane, butanes, 

light naphthas, kerosene and jet fuel by  converting  

them  to  liquid  hydrocarbon disulfides. 

Processes within oil refineries or natural gas  processing  

plants  that  remove  mercaptans and/or hydrogen 

sulfide (H2S) are commonly  referred  to  as sweetening 

processes  because they results in products which no 

longer have the sour,  foul  odors  of  mercaptans  and 

hydrogen sulfide. The liquid hydrocarbon disulfides 

may remain in the sweetened products,  they may be 
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used as part of the refinery or natural gas processing 

plant fuel, or they may be processed  further.  The  

Merox  process  is  usually  more   economical   than   

using   a  catalytic hydrodesulfurization process for  

much the  same purpose. 

 

Types of Merox Process Units 

UOP has developed  many versions of the Merox process 

for  various applications: 

 Conventional Merox for extraction of mercaptans 

from LPG, propane, butanes or light naphthas.

 Conventional  Merox for  sweetening  jet fuels and 

kerosenes.

 Merox for  extraction of mercaptans from  refinery 

and natural gases.
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 Minalk Merox  for  sweetening  of  naphthas. This  

process  continuously  injects  just  a  few ppm of 

caustic into  the feed naphtha.

 Caustic-free Merox for sweetening jet fuels and 

kerosenes. This process injects small amounts of 

ammonia and water (rather than caustic) into the 

feed naphtha to provide the required alkalinity.

 Caustic-free Merox for  sweetening  of  naphthas. 

This process also  injects  small amounts of ammonia 

and water (rather than caustic) into the feed 

naphtha to provide the required alkalinity.

In all of the above Merox versions, the overall oxidation 

reaction that takes place in onverting mercaptans to  

disulfides is: 

4 RSH +  O2  → 2RSSR + 2H2O 

 

Conventional Merox for Sweetening  Jet Fuel or 

Kerosene 

The conventional Merox process for  the  removal of 

mercaptans  (i.e., sweetening)  of jet fuel  or kerosene is 

a one-step process. The mercaptan oxidation reaction 

takes place in an alkaline environment  as the  feedstock 

jet fuel or kerosene, mixed with compressed  air, flows 

through    a fixed bed of catalyst in a reactor vessel. The 

catalyst consists of charcoal granules that have been 

impregnated  with UOP's proprietary catalyst.  The 

oxidation reaction that  takes place is: 

4 RSH +  O2  → 2RSSR + 2H2O 

The jet fuel or kerosene sweetening process also 

requires that the feedstock be prewashed to remove any 
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H2S that would interfere with the sweetening. The 

reaction that takes place in the batch caustic prewash 

vessel is: 

H2S + NaOH → 

NaSH +  H2O 
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The Merox reactor is a vertical vessel containing a bed 

of charcoal granules that have been impregnated with 

the UOP catalyst. An alkaline environment is provided 

by caustic being pumped into  reactor on an 

intermittent, as needed  basis. 

The jet fuel or kerosene feedstock from the top of the 

caustic prewash vessel is injected with compressed air 

and enters the top of the Merox reactor vessel along 

with any injected caustic. The mercaptan oxidation 

reaction takes place as the feedstock percolates 

downward over the catalyst. The reactor effluent flows 

through a caustic settler vessel  where it  forms a  

bottom layer  of aqueous caustic solution and  an upper  

layer  of  water-insoluble sweetened product. 

The caustic  solution remains in the caustic settler so 

that the  vessel contains a reservoir for    the supply of 

caustic that is intermittently pumped into the reactor to 

maintain the alkaline environment. 

The sweetened product from the caustic settler vessel 

flows through a water wash vessel to remove any 

entrained caustic as well as any other  unwanted  water-

soluble  substances, followed by flowing through a salt 

bed vessel to remove  any  entrained  water  and  finally 

through a clay filter vessel.  The  clay  filter  removes  

any  oil-soluble  substances, organometallic compounds 

(especially copper) and particulate matter, which might 

prevent meeting jet fuel product  specifications. 

The pressure maintained in the reactor is chosen so that 

the injected air  will  completely dissolve in the  

feedstock at the operating  temperature. 
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2- Caustic Processes 

The process consists of mixing a water solution of lye  

(sodium hydroxide  or  caustic  soda)  with a petroleum 

fraction. The treatment is carried out as soon as 

possible after the petroleum fraction is distilled, as 

contact with air forms free sulfur,  which is very 

corrosive and  difficult  to remove. The lye reacts with 

any hydrogen sulfide present to form sodium sulfide, 

which is soluble  in water. 

There are many methods for caustic process (such as 

Dualayer Process, Mercapsol Process, Polysulfide 

Treatment, Sodasol Process,  Unisol Process) 

 

Unisol Process 

The Unisol process is a regenerative method for 

extracting not  only  mercaptans  but  also certain 

nitrogen compounds from sour gasoline or distillates. 

The gasoline, free of hydrogen sulfide, is washed 

countercurrently with aqueous caustic-methanol 

solution at about 40°C (100F). The spent caustic is 

regenerated in a stripping tower (145°C to  150°C,  

290°F  to 300°F), where methanol, water, and  

mercaptans are  removed. 

 

 

3- Acid Treatment 

Treating petroleum products with acids is, like caustic 

treatment. Various acids, such as hydrofluoric acid, 

hydrochloric acid, nitric acid, and phosphoric acid, have 

been used in  addition to the more commonly used 

sulfuric acid, but in most  instances  there  is  little 

advantage in using any acid other than  sulfuric. 

 

 
Sulfuric  Acid Treatment 
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Sulfuric acid treatment is a continuous or batch method 

that is used to remove  sulfur compounds. The 

treatment will also remove asphaltic materials from 

various refinery stocks. The  acid  strength  varies  from  

fuming  (>100%)  to  80%;  approximately 93% acid  

finds the 
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most common use. The weakest suit able acid is used for 

each particular situation to reduce sludge formation 

from the aromatic and olefin hydrocarbon  s.  The use 

of strong acid dictates the use of a fairly low 

temperature (-4°C to 10°C, 25°F  to  50°F),  but higher  

temperatures (20°C to  55°C, 70F to 130F) are possible 

if  the product is to  be  redistilled. 

 

 

4- Solvent Treating 

Distillation splits a mixture into fractions according to 

the boiling points of the mixture constituents. In 

contrast, solvent refining  segregates  compounds  with  

similar  compound types, such as paraffins and 

aromatics. The three main types of solvent refining are 

solvent deasphalting, solvent extraction, and  solvent  

dewaxing. 

 


