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Crude Oil Distillation 

Atmospheric distillation 

  The crude oil distillation process, also known as atmospheric distillation, is 

a key process in the refining of crude oil to obtain various 

petroleum products based on their boiling points or volatilities. 

The main steps of the process are: 

• Heating the crude oil to almost 600 °C in a furnace 

• Feeding the heated oil mixture into a distillation column, also 

known as a fractionating column 

• Separating the oil mixture into different fractions by their boiling 

points and condensing them at different temperatures 

• Collecting the fractions, such as gasoline, kerosene, diesel, and 

lubricating oils 

 

 

Types of distillation column 

- According on the type of column internals 

Tray column - where trays of various designs are used to hold up the liquid to 

provide better contact between vapour and liquid, hence better 

separation 

Packed column - where instead of trays, 'packings' are used to enhance contact 

between vapour and liquid 
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Trays types 

   There are five major types of tray column; bubble cap tray, sieve deck tray, 

dual flow tray, valve tray and baffle tray. 

1. Sieve Trays 

          Sieves or perforated trays are plates with holes for vapor passage. It is 

simple to construct and the least expensive of these designs. 

Generally, the sieve tray has a higher capacity. At low vapor rates, 

it is susceptible to “weeping” or dumping of the liquid through the 

holes. 
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2. Valve Trays 

          A valve tray is a flat perforated plate, with each perforation fitted 

with a movable disk (the "valve"). The perforations and disks 

may be circular or rectangular. The valves should be heavy 

enough to prevent excessive opening at low vapour flow rates. 

 

3. Bubble Cup trays 

            A bubble cap tray has riser or chimney fitted over each hole, and 

a cap that covers the riser. The cap is mounted so that there is 

a space between riser and cap to allow the passage of vapour. 
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4. Daul Flow Trays  

   These trays are typically applied in severely fouling services. They are 

configured in a way that the liquid flows downwards through the 

column, splashing from one baffle to the next lower one. 

5. Baffle Trays  are unperforated trays with large open area for use in low-

efficiency and highly fouling services with minimal contact between 

vapor and liquid. When multiple baffles are installed at the same 

level, these trays are often called Shed Decks. 

 

 

 

Types of Reflux  

Reflux ratio: is defined as the amount of internal reflux divided by the amount 

to top product. Heat reflux = heat in – heat out = Q in – Q out 

 Q in = crude oil heat + steam heat  

1- Cold reflux is defined as reflux that is supplied at some temperature below 

the temperature at the top of the tower, each pound of this reflux 

removes a quantity of heat equal to the sum of its latent heat and the 

sensible heat required to raise its temperature from the storage tank. 

𝑄 = 𝑙𝑎𝑡𝑒𝑛𝑡 ℎ𝑒𝑎𝑡 + 𝑠𝑒𝑛𝑠𝑖𝑏𝑙𝑒 ℎ𝑒𝑎𝑡 = 𝑚𝜆 + 𝑚𝐶𝑝∆𝑇 
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Usually take in this case temperature of reflux =100ºF 

 
 

 

 

2- Hot reflux is reflux that is admitted to the tower at the same as that maintained 

at top of the tower. Obviously, the reflux or overflow from plate to 

plate in the tower is essentially hot reflux because it is always 

substantially at its boiling point. 

𝑄 = 𝑙𝑎𝑡𝑒𝑛𝑡 ℎ𝑒𝑎𝑡 = 𝑚𝜆 

 

 

 

 

3- Circulating reflux, it is able to remove only sensible heat quantity, that is 

represented by its change in temperature as it circulate, that mean this 

reflux is withdrawn from the tower as a liquid at high temperature the 

tower and is returned to the tower after having been cooled. 

𝑄 = 𝑠𝑒𝑛𝑠𝑖𝑏𝑙𝑒 ℎ𝑒𝑎𝑡 = 𝑚𝐶𝑝∆T 
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This reflux withdrawn from the tower as a liquid at high temperature and returned 

to the tower after having been cooled. 

 

 

 

Packed column 

Packing Materials Types 

    Most of the column uses packing material for the vapor–liquid contacting 

because such packing has a lower pressure drop than distillation trays. 

This packing material can be either structured sheet metal or randomly 

dumped packing such as Raschig rings. 
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Vacuum Distillation 

   Vacuum distillation of the atmospheric residue yields additional and 

valuable distillates, which could otherwise be thermally destroyed 

if further distillation was attempted at atmospheric pressure and 

above.  

  The atmospheric bottom, also known as reduced oil, is sent to the vacuum 

unit where it is further separated into vacuum gas oil and vacuum 

residues.  

   Vacuum distillation improves the separation of gas oil distillates from the 

reduced oil at temperatures less than those at which thermal 

cracking would normally take place. 
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The basic idea on which vacuum distillation operates is that, at low 

pressure, the boiling points of any material are reduced, 

allowing various hydrocarbon components in the reduced crude 

oil to vaporize or boil at a lower temperature. Vacuum 

distillation of the heavier product avoids thermal cracking and 

hence product loss and equipment fouling.  

  Vacuum distillation can also be referred as "low temperature 

distillation". 

     In distilling the crude oil, it is important not to subject the crude oil to 

temperatures above 370 to 380 °C because the high molecular 

weight components in the crude oil will undergo thermal 

cracking and form petroleum coke at temperatures above that. 

Formation of coke would result in plugging the tubes in the 

furnace that heats the feed stream to the crude oil distillation 

column. Plugging would also occur in the piping from the 

furnace to the distillation column as well as in the column itself. 

   The constraint imposed by limiting the column inlet crude oil to a 

temperature of less than 370 to 380 °C yields a residual oil from 

the bottom of the atmospheric distillation column consisting 

entirely of hydrocarbons that boil above 370 to 380 °C. 

    To further distill the residual oil from the atmospheric distillation 

column, the distillation must be performed at absolute pressures 

as low as 10 to 40 mmHg (also referred to as Torr) so as to limit 

the operating temperature to less than 370 to 380 °C. 

  The absolute pressure of 10 to 40 mmHg in the vacuum column is most 

often achieved by using multiple stages of steam jet ejectors. 
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Figure: Steam ejector principle 

Hot residual stream from the bottom of the atmospheric distillation 

column is flashed in a multiplated distillation column where 

vacuum (below atmospheric pressure) is maintained by steam 

ejectors by medium pressure superheated steam as the motive 

fluid that entrains the top hydrocarbon vapors, which are 

condensed by water coolers.  

Steam ejector system mechanism 

   Usually, three ejectors are used; the first stage sends the uncondensed 

vapor to the second stage followed by condensation. The 

uncondensed vapor then enters the third stage followed by 

condensation and the uncondensed vapor from the third stage is 

vented out through a flare or stack.  

  A vacuum of 30–40 mm of mercury is maintained at the top of the 

column and 100–120 mm at the bottom. Condensates from 

these ejectors are collected in a drum, known as a hot well. 
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Typical boiling ranges at atmospheric pressure and the draw temperature 

under vacuum are listed below. 
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