Fractional Distillation of Crude Oil

Crude oil is a naturally occurring fossil fuel formed from the decomposition of organic materials over
millions of years. It is a complex mixture of hydrocarbons, containing various compounds with different
boiling points. To obtain useful products from crude oil, it undergoes a refining process called fractional
distillation. This note provides a detailed overview of fractional distillation, explaining its principles,
equipment involved, and the products obtained.

Principles of Fractional Distillation:

Fractional distillation is a physical separation technique based on the differences in boiling points of the
components in a mixture. The process takes advantage of the fact that different hydrocarbons have
different boiling points. By subjecting crude oil to controlled heating and cooling, it is possible to
separate it into various fractions, each containing hydrocarbons with similar boiling points.

Equipment Involved:

1. Distillation Column: The key component of the fractional distillation process is the distillation column.
It is a tall vertical tower equipped with several trays or plates. The column allows for the separation of
components based on their boiling points. The trays provide surfaces for the condensation and
vaporization of the mixture.

2. Heat Source: A heat source, such as a furnace, is required to raise the temperature of the crude oil.
The heat breaks down the complex hydrocarbons and facilitates vaporization.

Process Steps:
The fractional distillation of crude oil involves the following steps:

1. Preheating: The crude oil is first pumped into a preheater to remove any water, impurities, and gases
present in the oil. This preheating process ensures that the crude oil enters the distillation column at the
desired temperature.

2. Heating: The preheated crude oil is then transferred to a furnace or a heat exchanger, where it is
further heated to a high temperature. The temperature range typically varies from 350 to 400 degrees
Celsius.

3. Vaporization: The heated crude oil is introduced into the bottom of a distillation column, which is a
tall vertical tower with several trays or plates. As the crude oil rises through the column, it encounters
lower temperatures at higher levels, causing the hydrocarbons to vaporize.

4. Separation: The column is equipped with trays or plates that create surfaces for condensation and
vaporization. As the vapor rises through the column, the hydrocarbons with lower boiling points
condense at higher levels, while those with higher boiling points condense at lower levels. This
separation is based on the principle that different hydrocarbons have different boiling points.



5. Condensation and Collection: At different levels of the distillation column, trays are designed to allow
for the condensation of the vaporized hydrocarbons. The condensed hydrocarbons, now in liquid form,
are collected at these various levels, forming different fractions or cuts. Each fraction contains
hydrocarbons with similar boiling points.

6. Cooling: After collection, the fractions are further cooled to separate any remaining gases or lighter
components from the desired products. This cooling process may involve the use of heat exchangers or
condensers.

7. Product Recovery: The collected fractions are then transported to additional refining processes to
obtain specific products. For example, the lighter fractions, such as propane and butane, can be
liguefied and stored as liquefied petroleum gas (LPG). The heavier fractions, such as gasoline, kerosene,
diesel, and fuel oil, undergo further refining steps to remove impurities and adjust their properties for
specific applications.

8. Residue Treatment: The residue left at the bottom of the distillation column, known as atmospheric
residue or bottoms, contains the heaviest hydrocarbons and impurities. This residue is often further
processed through additional refining techniques such as vacuum distillation or other conversion
processes to maximize product yield.

By following these steps, fractional distillation separates crude oil into its various components or
fractions based on their different boiling points, allowing for the production of a wide range of valuable
petroleum products.

Products Obtained:
Fractional distillation of crude oil yields a range of products, including:

1. Gaseous Fractions: The gases obtained at the top of the distillation column include propane, butane,
methane, and ethane. These gases are often used as fuel or feedstock for various industrial processes.

2. Gasoline: This fraction is obtained from the distillation column at a temperature range of
approximately 40-200 degrees Celsius. Gasoline serves as a primary fuel for automobiles.

3. Kerosene: Collected above gasoline, kerosene has a boiling point between 175-275 degrees Celsius. It
is used as jet fuel and for heating purposes.

4. Diesel: Diesel fuel is collected at higher temperatures, ranging from 275-350 degrees Celsius. It is
commonly used in diesel engines, including trucks, trains, and ships.

5. Heavy Fuel Oil: This fraction, collected at the lower section of the column, is used for industrial
heating and as fuel for large ships and power plants.

6. Lubricating Oils and Waxes: These fractions are obtained from the residues left at the bottom of the
distillation column. They find application in the production of lubricants, waxes, and bitumen.



Fractional distillation is a crucial process in the refining of crude oil. By taking advantage of the varying
boiling points of hydrocarbons, it allows for the separation of crude oil into numerous fractions, each
with specific uses. This process enables the production of essential fuels and raw materials that power

our modern society.



