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Abstract
During this report we will discuss about the most important unit which called as desalter unit or
desalting unit. Desalting unit A desalting system's aim is to get the treat oil's salt concentration
down to reasonable levels. Before preparing crude oil for distillation, a desalter is primarily used
to put out/remove unwanted contaminants.
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1. Introduction of Crude Oil Desalting Unit
Crude oils are complex mixtures obtained from many parts of the world, and all crudes contain
dilute dispersion/emulsion of ultrafine water droplets containing a variety of salts, solids and metals.
These emulsions might be quite stable due to the presence of natural surfactants in oil such as
asphaltenes, resins, naphthenic acids, fine solids, etc. (Chopra, 2001)
Petroleum recovered from reservoir is mixed with a variety of substances such as gases, water,
chloride salts, and dirt, which contain other minerals. Thus, petroleum processing actually
commences shortly after the production of fluids from reservoir, where pretreatment operations
are applied to the crude oil prior to transportation. Any crude oil to be shipped by pipeline, or by
any other form of transportation, must meet strict regulations in regard to water and salt content.
Desalting is a water-washing operation performed at the production field and at the refinery site
for additional crude oil cleanup. If the petroleum from the separators contains water and dirt, water
washing can remove much of the water-soluble minerals and entrained solids. If these crude oil
contaminants are not removed, they can cause operating problems during refinery processing,
such as equipment plugging and corrosion as well as catalyst deactivation. (Speight, 2016)
Figure 1: General Schematic Diagram of Desalting Unit
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2. Theory
The Desalter is the first equipment that will receive the raw oil as it is pumped out of storage. These
drums are very large horizontal vessels where sediment will accumulate.
Figure 2: Desalter equipment usually find between pre-heating and CDU
In the Desalter, crude oil is washed with water to remove soluble salts and particulates. The brine
water is present in the oil as a fine suspension of droplets and as an emulsion. Removal of the
brine water is important as concentrations of salt can cause corrosion during the process and water
can negatively impact efficient distillation. This separation is aided by an electrical charge and the
addition of chemicals to remove the contaminants. The desalting process will remove more than
90% of the salt and sediment from the incoming crude oils. The contaminants that are not separated
by desalting will foul process equipment by accumulating as debris in heat exchangers, tower trays,
piping and promotes the formation of coke deposits in the furnace tubes. Desalter debris is
notoriously difficult to clean-out. It is heavy tars mixed with inorganic salts and production sand.
The cleaning process is made more difficult as the equipment internals act as obstacles to
circulation methods. But, desalter decontamination can be achieved. Effective chemical cleaning of
the desalter drums is accomplished by use of well-chosen solvent-based cleaners designed for
dissolving heavy tars and for deep penetration of the heavy tar-bed. After fluidizing the resident
tars, the cleaning process typically should include the circulation of the appropriate acidic surfactant
to remove the corrosion products which foul these drums. Care must be taken not to introduce
chemical products that can promote emulsion formation or stabilization. This is quite important as
residual amounts of cleaning agents have and do cause water-in-oil emulsions inside of the desalter
on resumption of operations that then cause downstream processing upsets. (FQE Chemicals
Team, 2015)
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2.1 Types of Desalter
Natural Desalter
Desalter in which Settling time is given to salts, sediments, water and sludge which under gravity
settled down in the bottom of Vessel and then drained. Example is drainage of sludge and water
from tanks and Settling Vessel F-2 at Lummus. (Fahad Khan, 2015)
Chemical Desalter
Desalter in which chemical is added to the crude in order to remove salts, sediments, water and
sludge. Chemicals reduce the surface tension for making removal of salts and water easy. Both
Natural and Chemical Desalter are useful for crude having low salts or for Batch Process. (Fahad
Khan, 2015)
Electro Chemical Desalter
Desalting process by use of chemical along with electric field. De-mulsifier used as chemical while
electrodes connected to step up transformer used for electric field generation. (Fahad Khan, 2015)
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2.2 Classification of Desalting Unit
Desalter units generally will produce a dehydrated stream containing like amounts of bottom
sediment and water (BS&W) from each stage. Therefore, bottom sediment and water can be
considered as pass-through volume, and the dilution water added is the amount of water to be
recycled. The recycle pump, however, generally is oversized to compensate for difficult emulsion
conditions and upsets in the system. Dilution water calculations for a two-stage system using
recycle are slightly more complicated than for a single-stage process as shown in Figure (4) or a
two-stage process without recycle as shown in Figure (5). The common approach to desalting
crude oil involves use of the two-stage desalting system in which dilution water is injected between
stages after the stream water content has been reduced to a very low level by the first stage. Further
reduction is achieved by adding the second-stage recycle pump. The second-stage water is much
lower in sodium chloride (NaCl) than the produced stream inlet water due to addition of dilution
water. By recycling this water to the first stage, both salt reduction and dehydration are achieved in
the first stage. The water volume to be recycled is assumed to be the same as dilution water
injection volume. A very low bottom sediment and water content at the first-stage desalter exit
requires a high percentage of dilution water to properly contact dispersed, produced water droplets
and achieve desired salt concentration reduction. This percentage dilution water varies with the
strength of the water/oil emulsion and oil viscosity. Empirical data show that the range is from 4.0%
to as high as 10%. Obviously, this indicates that the mixing efficiency of 80% is not valid when low
water contents are present. Additional field data show that the use rates for the use of low dilution
water can be maintained and still meet the required mixing efficiencies. When 99.9% of the
produced water has been removed, the remaining 0.1% consists of thousands of very small
droplets more or less evenly distributed throughout the oil. To contact them would require either
a large amount of dilution water dispersed in the oil or a somewhat smaller amount with better
droplet dispersion. Whatever the required amount, it can be attained without exceeding the dilution
water rates shown in the earlier example. (Speight, 2016)
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Figure 3: General methods for desalting crude oil.
Figure 4: A single-stage desalting system.
Figure 5: A two-stage desalting system.
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3. Process Description of Desalting Unit
Desalting process may be carried out by:
1- Reduce the water content only, in case of the salinity of remnant water is not high.
2- Addition of small percentage of fresh water (water with low salinity) to the crude oil (called dilute
water), mix the water with the crude oil, and dehydrate the crude oil. At least if the same water
content achieved, the salt content will be lowered because of reduction in remnant water salinity.
Figure 6: Process Flow diagram of Desalting Unit
Description of Desalter (Equipment Description)
A typical desalter contains two metal electrodes as shown in Figure 4.3. A high voltage is applied
between these two electrodes. For effective desalting the electric fields are applied as follows:
➢ A high voltage field called the ‘‘secondary field’’ of about 1000 V/cm between the two electrodes
is applied. The ionization of the water droplets and coalescence takes place here.
➢ A primary field of about 600 V/cm between the water–crude interface and the lower electrode
is applied. This field helps the water droplets settle faster.
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Since the salt content is directly related to the amount of residual water, the best desalters remove
as much water as possible. Any device that removes water from oil can be used as a desalter.
However, the majority of desalters employed are horizontal electrostatic treaters. These treaters
will produce the lowest residual water level of all treaters. Figures 7, 8, & 9, illustrate a conventional
horizontal electrostatic treater of the type typically used in desalting operations. Because very low
water contents are required, the crude is usually pumped through the desalter at pressures above
its bubble point. In addition, the temperature of the crude to be desalted is determined by upstream
heat exchangers or heater treater. (Oilprocessing, 2019)
Figure 7: Horizontal electrostatic heater-treater.
Figure 8-a: Desalter
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Figure 8-b: Desalter
Desalter working principle
Crude oil received after transportation includes many types of salt traps in small droplets of water
staggered all locations of the volume. These droplets are so small that self-extraction and settling
are not possible. In general, there are three types of oleophobic Impurities found in crude oil:
• Salt: Mainly chlorides and Sulphates of Sodium (Na), Potassium (K), Calcium (Ca), and
Magnesium (Mg).
• Sediments: Such as silt, sands, Mud, Iron oxide, and Sulfides.
• Water: Present as soluble, emulsified, and finely dispersed form.
Apart from above mention impurities crude oil also have some Oleophilic impurities but Desalter
basics work to clear those 03 types of impurities for crude oil cleaning. The basic principle to
wash the salt from crude oil is called Desalting. This Desalting process is done in two steps:
1. 1st Step is to dilute the dispersed water-soluble salt content with fresh water
2. 2nd Step is to remove diluted dispersed brine from crude oil.
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Spray Nozzles
Upstream premixing is commonly performed with either spray nozzles or static mixers. As shown
in Figure (9), one common method of premixing the water and oil involves using a system of spray
nozzles. Water is pumped through the nozzles and then distributed throughout the oil stream. These
systems are effective and are usually less expensive than static mixers. (Oilprocessing, 2019)
Figure 9: Schematic of a spray nozzle system for premixing water and oil.
Desalting Process (Process Details)
Most of the salt contained in crude oil is dissolved in the small water droplets. Since water is the
salt carrier, removing the water will remove the salt from the crude. The salt content of the water
is expressed as parts per million (ppm) equivalent sodium chloride. Salinity may range from 0 to
over 150,000 ppm. Desalting is required when the amount of salt contained in the entrained water
after treating is higher than some specified amount. For example, assume a heater-treater is used
for dehydration and it yields oil that is 0.5% water, each thousand barrels of dehydrated oil includes
5 bbls of water. If we next assume the water has a low salt content, say 10,000 ppm NaCl, then
each barrel of water would contain approximately 3.5 pounds of salt. With 5 bbls of water per
thousand barrels of oil, the oil would then contain approximately 17.5 PTB (pounds per thousand
barrels). If the purchase agreement specified 10 PTB or less, some desalting, or a more efficient
dehydrator, would be required. In this example, an electrostatic treater might be all that is required
to achieve an oil outlet that contains less than 0.3% water. This example assumed a low salt content.
If the water had a high salt content, say 200,000 ppm NaCl, there would be approximately 70
pounds of salt per barrel of water (lb/bbl). In this case, even dehydrating to 0.1% leaves 70 PTB.
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To reach the required 10 PTB, desalting would be required. The desalting process involves two
steps. The first step is to mix fresh water with entrained produced water. This will lower the
produced water salinity by diluting the salt. The second step is dehydration which is the removal
of the water from the crude. This dilution and dehydration produce a lower salinity in the residual
water in the crude oil. The dilution water in desalting does not have to be fresh. Any water with a
lower salt content than the produced water can be used. (Oilprocessing, 2019)
Single-Stage Desalting
Figure (10) is a schematic of a single-stage desalting system. In this system, the dilution water is
injected into the oil stream and then mixed. The oil then enters the desalter where the water is
removed. To reduce dilution water requirements, the crude oil may be dehydrated prior to the
desalting process, this removes the bulk of the produced water prior to desalting and increase
dilution efficiency. (Oilprocessing, 2019)
Figure (10): Schematic of a single-stage desalting system.
Two-Stage Desalting
Figure (11) is a schematic of a two-stage desalting system with dilution water recycling capability.
In this system; the water removed in the second stage is pumped back to the first stage. The
addition of this recycle provides for some dilution of the salt water prior to the first stage. This
further reduces the dilution water requirement compared to a single-stage dehydrator and desalter
system. If further desalting is needed, it is possible to add more stages in a similar manner.
(Oilprocessing, 2019)
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Figure 11: Schematic of a two-stage desalting system with a recycle stream.
Electrostatic Desalting Voltage
In desalters, an external electric field is applied to coalesce the small water droplets and thus
promote settling of the water droplets out of the oil. The electric field may be applied in any of the
following manners:
1. AC field devices for water-rich emulsions. Alternating current (ac) is applied, which alternates
the polar water molecule arrangements leading to better coalescence. A schematic diagram of ac
electrostatic coalescence is shown in Figure (12). (Oilprocessing, 2019)
Figure 12: Effect of AC current on droplets.
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2. AC/DC field for maximum dehydration. A combination of ac and dc (direct current) is used in
this case. The basic configuration of this process is shown in Figure (13) the ac is produced in the
zone beneath the electrodes, whereas the dc field is produced between adjacent electrodes. This
arrangement achieves maximum water removal.
Figure (14), illustrates the effect of DC field on water droplet, while Figure (12) illustrate the effect
of AC on water droplets.
Figure 13: Dual polarity DC/AC fields
in electrostatic coalescing.
Figure. 14: Behavior of water droplet in DC field in electrostatic coalescing.
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The process is accomplished through the following steps:
▪ Water washing: Water is mixed with the incoming crude oil through a mixing valve. The water
dissolves salt crystals and the mixing distribute the salts into the water, uniformly producing
very tiny droplets. Demulsifying agents are added at this stage to aide in breaking the emulsion
by removing the asphaltenes from the surface of the droplets.
▪ Heating: The crude oil temperature should be in the range of 48.9–54.4 C (120–130 F) since
the water–oil separation is affected by the viscosity and density of the oil.
▪ Coalescence: The water droplets are so fine in diameter in the range of 1–10 mm that they do
not settle by gravity. Coalescence produces larger drops that can be settled by gravity. This is
accomplished through an electrostatic electric field between two electrodes. The electric field
ionizes the water droplets and orients them so that they are attracted to each other. Agitation
is also produced and aides in coalescence.
▪ Settling: According to Stock’s law the settling rate of the water droplets after coalescence.
(Fahim, Al-Sahhaf, Elkilani, 2010)
4. Conclusion
Desalting Unit can be concluded as follow by know some advantages or benefits:
The basic benefits of desalter for crude oil are as follows:
✓ Cleaning of crude increases flowability in pipes, Pumps, Heat exchangers, etc.
✓ Less plugging and choking of equipment and piping system.
✓ No formation of scale in the Heat exchanger and heating unit
✓ Less corrosion in the Heat exchangers, distillation towers, Piping systems, etc.
✓ Less maintenance for pumps because of removal of mud, sand, and other impurities.
✓ Saving of oil from waste crude.
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