Chapter 11: Bituminous Emulsions and Cutbacks

11.1 Introduction

In road construction, bitumen is widely used as a binder due to its excellent
adhesive and waterproofing properties. However, the application of bitumen
at ambient temperatures can be challenging due to its high viscosity and re-
quirement for heating. To address this, bituminous emulsions and cutbacks
are used as alternatives. These modified forms allow for easier handling, bet-
ter penetration, and energy savings. This chapter discusses the preparation,
classification, characteristics, uses, and testing of bituminous emulsions and
cutbacks.

11.2 Bituminous Emulsions
11.2.1 Definition

A bituminous emulsion is a mixture in which bitumen droplets are suspended
in water with the help of an emulsifying agent. Since bitumen and water are
immiscible, the addition of an emulsifier enables the formation of a stable
emulsion. Bituminous emulsions are used extensively in road construction,
especially for maintenance and cold weather applications.

11.2.2 Components of Bituminous Emulsion

o Bitumen: The binder phase, typically 40% to 70% of the emulsion.

e Water: The continuous phase; its quality affects the emulsion stability.

o Emulsifier (Surfactant): A surface-active agent that enables the forma-
tion and stability of the emulsion.

o Additives: Sometimes added to improve stability, workability, or perfor-
mance (e.g., anti-stripping agents, fluxing agents).

11.2.3 Types of Bituminous Emulsions

Emulsions are primarily classified based on their setting time and electrical
charge:

(a) Based on Setting Time:

« Rapid Setting (RS): Breaks quickly on contact with aggregate. Suitable
for surface dressing.

e Medium Setting (MS): Breaks moderately; ideal for premixing with
coarse aggregates.



o Slow Setting (SS): Remains stable for a long time; used in mixing with
fine aggregates.

(b) Based on Charge:

o Cationic Emulsions (Positive charge): Interact well with negatively
charged aggregates like siliceous stones.

e Anionic Emulsions (Negative charge): Suitable for basic aggregates
like limestone.

Type Setting Time Charge Typical Use

RS-1, RS-2 Rapid Cationic Surface dressing,
tack coat

MS Medium Cationic Premix
applications

SS-1, SS-2 Slow Cationic/Anionic  Slurry seals, soil
stabilization

11.3 Preparation of Bituminous Emulsions

Bituminous emulsions are manufactured using a colloidal mill where bitumen
is mechanically sheared into small droplets and mixed with water containing the
emulsifying agent.

Steps in Preparation:

1. Heating of bitumen to reduce viscosity.

2. Preparation of water phase with emulsifier.

3. Introduction into the colloidal mill for mixing.
4. Collection and storage of the emulsion in tanks.

Important parameters such as bitumen content, droplet size, and pH are
controlled to ensure emulsion stability.

11.4 Characteristics of Bituminous Emulsions

e Viscosity: Should be appropriate for spraying or mixing.

e Storage Stability: Should resist separation of bitumen and water over
time.

¢ Residue Properties: After breaking, the residual bitumen must have
good adhesion, ductility, and penetration values.

e Breaking Time: Indicates how fast the emulsion breaks and sets on
aggregate.



11.5 Tests on Bituminous Emulsions

1.

Viscosity Test (Saybolt Furol Viscosity)

¢ Determines flow characteristics.
o Conducted at 25°C or 50°C.

. Storage Stability Test

o Ensures emulsion does not separate into phases during storage (typically
tested over 24 or 5 days).

. Residue by Evaporation

¢ Determines bitumen content.
e A fixed amount is evaporated, and residue is analyzed.

. Sieve Test

o Detects coarse particles that could clog spray nozzles.

. Particle Charge Test

o Identifies whether the emulsion is cationic or anionic.

. Settlement Test

e Checks uniformity over time; should not settle beyond specified limits.

11.6 Uses of Bituminous Emulsions

e Tack Coat: For bonding between layers.

¢ Prime Coat: For low-strength subgrades.

e Surface Dressing: For maintenance of existing roads.
e Slurry Seal and Microsurfacing

e Cold Mixes: In areas without heating facilities.

¢ Dust Control and Soil Stabilization

11.7 Advantages of Bituminous Emulsions

e Can be used in wet or cold conditions.
¢ No heating required during application.
o Environmentally safer than cutbacks.



e Lower energy consumption during application.
e Suitable for cold mix and patch repair.

11.8 Limitations of Bituminous Emulsions

e Limited shelf life.

o Requires skilled handling.

e May not be effective in water-logged areas.

e Storage tanks must be cleaned periodically to avoid contamination.

11.9 Bituminous Cutbacks
11.9.1 Definition

Bituminous cutbacks are prepared by dissolving bitumen in a volatile solvent
(e.g., naphtha, kerosene) to reduce viscosity and enhance fluidity at ambient tem-
perature. After application, the solvent evaporates, leaving behind a bituminous
film.

11.10 Types of Bituminous Cutbacks

Classified based on curing time, which depends on the type of solvent used:

1. Rapid Curing (RC):

o Uses highly volatile solvents like gasoline.
¢ Quick evaporation.
e Used for surface treatments like spray application.

2. Medium Curing (MC):

o Uses moderately volatile solvents like kerosene.
o Intermediate rate of evaporation.
e Used for premix with coarse aggregates.

3. Slow Curing (SC):

e Uses low volatility oils.
e Very slow evaporation.
e Suitable for prime coats or stabilization.




11.11 Preparation of Bituminous Cutbacks

e Bitumen is heated and mixed with the desired solvent in a controlled
environment.

¢ Careful monitoring of temperature is necessary to prevent fire hazards.

e The resulting liquid is cooled and stored in sealed containers.

11.12 Characteristics of Bituminous Cutbacks

e Lower initial viscosity compared to pure bitumen.

e Improved workability at lower temperatures.

e Setting time determined by solvent type.

¢ Penetration and ductility of the residue are key quality indicators.

11.13 Tests on Bituminous Cutbacks
1. Distillation Test

e Measures the percentage of volatile solvent.
o Helps determine cutback classification (RC, MC, SC).

2. Penetration Test

e Indicates consistency of residual bitumen.

3. Ductility Test

e Measures the ability of residue to stretch without breaking.

4. Flash Point Test

o Assesses safety and fire risk.

5. Viscosity Test

e Important for handling and application.

11.14 Uses of Bituminous Cutbacks

¢ Tack and Prime Coats

¢ Premix for Cold Patch Work

¢ Dust Palliatives in Rural Roads
¢ Soil Stabilization

o Fog Seal Applications



11.15 Comparison Between Bituminous Emulsions and Cut-

backs
Parameter Emulsions Cutbacks
Base Medium Water Volatile solvent

Environmental Impact
Energy Requirement
Application
Temperature

Storage Stability
Breaking Mechanism

Environment-friendly
Low
Can be used cold

Moderate
Evaporation of water

Harmful due to VOCs
Moderate to high
Used cold

Good

Evaporation of solvent

11.16 Environmental and Safety Considerations

o Cutbacks release volatile organic compounds (VOCs) harmful to
health and environment.
e Emulsions are safer and eco-friendly, with no risk of fire or explosion.

e Proper PPE must be worn during handling.

¢ Regulatory frameworks (e.g., CPCB guidelines in India) must be followed

for storage and use.
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