DESCRIPTION OF PETROLEUM REFINING PROCESSES
A.

CRUDE OIL PRETREATMENT (DESALTING).

1.Description.
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
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.
TABLE . DESALTING PROCESS.
Feedstock From Process Typical products . . . To
Crude

Storage Treating Desalted crude . . . Atmospheric distillation tower
Waste water . . . . . Treatment

FIGURE : ELECTROSTAITC

23

A.CRUDE OIL DISTILLATION (FRACTIONATION).
1.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,
gas oils, and residuum.
2.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 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 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.
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TABLE : ATMOSPHERIC DISTILLATION PROCESS
Feedstock From
Crude

Process

Typical products . . . . . . To

Desalting Separation Gases . . . . . . . . . . . Atmospheric distillation tower
Naphthas. . . . . . . . . . . . Reforming or treating
Kerosene or distillates . . Treating
Gas oil . . . . . . . . . . . . . Catalytic cracking
Residual . . . . . . . . . Vacuum tower or visbreaker

FIGURE :. ATMOSPHERIC DISTILLATION

3. 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
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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 catalytic cracking feedstock from surplus residuum.
4) Other Distillation Towers (Columns). 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. Another larger column is used to separate ethyl
benzene and xylene. Small "bubble" towers called strippers use steam to remove trace
amounts of light products from heavier product streams.
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