Chapter 8: Bitumen — Origin and Production

8.1 Introduction

Bitumen is a key binder used in road construction, particularly in flexible
pavements. It is a black or dark brown non-crystalline viscous material derived
from petroleum. Its strong adhesive and waterproofing characteristics make it an
ideal material for surface and base layers of roadways. The origin and production
of bitumen involve geological processes, refining of crude oil, and subsequent
treatment to suit civil engineering applications. Understanding bitumen’s origin
and production process is fundamental for its effective utilization in highway
engineering.

8.2 Origin of Bitumen
8.2.1 Natural Bitumen

Natural bitumen, also known as asphalt, occurs in nature in deposits like
asphalt lakes, rock asphalt, and tar sands. These are the result of natural
geological processes over millions of years involving:

e Decomposition of Organic Matter: Organic materials from dead
marine organisms are deposited in sedimentary basins.

¢ Anaerobic Conditions: Absence of oxygen prevents full decomposition,
resulting in organic-rich layers.

¢ Heat and Pressure: Over geological time, these layers are subjected to
intense heat and pressure, transforming the organic matter into hydrocar-
bons.

o« Evaporation and Oxidation: In certain conditions, lighter fractions
evaporate, and oxidation thickens the residue into bitumen.

Examples of natural bitumen sources:

o Pitch Lake, Trinidad
e Alberta Oil Sands, Canada
e Dead Sea Deposits

Natural bitumen is often mined and processed for commercial use, especially in
areas with limited access to refined petroleum products.
8.2.2 Petroleum-Derived Bitumen

Most of the bitumen used in construction today is a byproduct of crude oil
refining. Crude oil contains a wide range of hydrocarbons, from light gases to



heavy residues. Bitumen is obtained from the heaviest fraction left after refining
processes like fractional distillation.

8.3 Production of Bitumen from Petroleum
8.3.1 Crude Oil Distillation Process

The initial step in the production of bitumen is the fractional distillation of
crude oil in a refinery. The process includes:

¢ Preheating of Crude Oil: Crude oil is first heated to around 400°C.

e Atmospheric Distillation: The heated crude enters a distillation column
where lighter hydrocarbons (like gasoline, kerosene, diesel) are separated
by their boiling points.

¢ Vacuum Distillation: The residue from atmospheric distillation, known
as long residue, is further distilled under vacuum to avoid thermal
cracking. This separates lubricating oils and leaves behind a heavy residue
known as short residue or vacuum residue, which becomes feedstock
for bitumen production.

8.3.2 Air Rectification or Oxidation

The vacuum residue may undergo air blowing to enhance specific properties of
bitumen. In this process:

o Hot air (200-300°C) is blown through the residue.
e The oxygen in the air reacts with the hydrocarbons, increasing viscosity
and softening point.

This process produces oxidized bitumen, which has higher softening points
and is more suitable for industrial applications such as roofing and pipe coating.

8.4 Types of Bitumen Based on Production
8.4.1 Straight Run Bitumen

¢ Obtained directly from vacuum distillation.
e Used in road construction without further modification.
e Also called penetration grade bitumen.

8.4.2 Oxidized Bitumen

e Produced by blowing air through the vacuum residue.
e Has improved thermal stability and hardness.
¢ Used in roofing, water-proofing, and industrial applications.



8.4.3 Cutback Bitumen

« Made by blending bitumen with a volatile solvent (like kerosene or naphtha).
e Becomes fluid at lower temperatures.
e Used in surface dressing and cold weather applications.

8.4.4 Bitumen Emulsions
¢ Bitumen mixed with water and emulsifying agents.
e Can be applied in damp conditions or low-temperature environments.
¢ Categorized into:
— Cationic emulsions (positively charged)
— Anionic emulsions (negatively charged)
8.4.5 Polymer Modified Bitumen (PMB)

¢ Bitumen modified with polymers (e.g., SBS, EVA).
o Improves elasticity, resistance to rutting and fatigue.
o Ideal for heavy traffic roads and extreme weather conditions.

8.5 Refinery Flow Chart for Bitumen Production
Below is a simplified flow of bitumen production in petroleum refineries:

1. Crude Oil |

Pre-heating and Desalting |

Atmospheric Distillation |

Vacuum Distillation |

Vacuum Residue (Short Residue) — Option A: Straight Run Bi-
tumen — Option B: Air Blowing — Oxidized Bitumen — Option C:
Blending — Cutback Bitumen / Emulsions / PMB

CU

8.6 Industrial Bitumen Production Units
Industrial-scale bitumen production requires specialized equipment:

o Distillation Columns

¢ Vacuum Pumps

e Air Blowing Reactors

e Heat Exchangers

e Storage Tanks with Temperature Control
¢ Blending and Packaging Units




8.7 Environmental and Safety Considerations
Bitumen production must adhere to environmental norms:

¢ VOC Emissions: Volatile organic compounds released during production
are harmful and require treatment systems.

¢ Waste Management: Residual sludges and effluents should be safely
disposed of or recycled.

¢ Occupational Safety: Handling hot bitumen requires PPE, proper venti-
lation, and emergency protocols to prevent burns and respiratory issues.

8.8 Quality Control in Bitumen Production

To ensure consistent quality, bitumen is tested and graded using various parame-
ters:

¢ Penetration Test

¢ Softening Point Test

¢ Ductility Test

e Viscosity Test

e Flash and Fire Point Test
¢ Specific Gravity Test

These tests confirm the suitability of bitumen for different climatic and traffic
conditions.

8.9 Conclusion

Bitumen, whether naturally occurring or petroleum-derived, plays a vital role
in modern transportation infrastructure. Its origin and production processes
significantly influence its performance, durability, and adaptability in road
engineering. Understanding the chemical and physical transformation from
crude oil to usable bituminous material is essential for engineers involved in road
design and construction.
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