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The evolution of road construction and pavement maintenance has been significantly influenced by the
development and refinement of asphalt emulsions. At the forefront of this technical evolution is the MS-19 Basic
Asphalt Emulsion Manual, a joint publication by the Asphalt Institute (Al) and the Asphalt Emulsion
Manufacturers Association (AEMA). This manual serves as the definitive global reference for engineers,
contractors, and material scientists, providing the foundational knowledge required to design, apply, and maintain
infrastructure using emulsified bitumen. As infrastructure demands shift toward sustainable, energy-efficient, and
cost-effective solutions, the role of asphalt emulsions has expanded from simple dust palliatives to complex, high-
performance binders used in structural pavement layers.

The Fundamental Chemistry of Asphalt Emulsions

To understand the technical depth of the MS-19 manual, one must first grasp the chemical composition of an
asphalt emulsion. An asphalt emulsion is a heterogeneous system consisting of two normally immiscible phases:
asphalt cement (bitumen) and water. These phases are stabilized by a chemical additive known as an emulsifier
(or surfactant).

The Role of the Emulsifier

The emulsifier is the most critical component in determining the behavior of the mixture. It consists of a long-chain
hydrocarbon molecule with a polar head and a non-polar tail. The non-polar tail aligns itself with the asphalt
droplets, while the polar head remains in the water phase. This orientation creates an electrical charge on the
surface of the asphalt droplets, preventing them from coalescing through electrostatic repulsion. Depending on the
chemical nature of the emulsifier, emulsions are classified into two primary categories:

e Anionic Emulsions: These possess a negative charge. They are typically used with electro-positively charged
aggregates, such as limestone or dolomite (carbonaceous rocks).

e Cationic Emulsions: These possess a positive charge. They are highly effective when paired with electro-
negatively charged aggregates, such as quartz, granite, or sandstone (siliceous rocks).

The Breaking and Setting Mechanism

The transition of an emulsion from a liquid state back to a solid asphalt film is referred to as breaking. This process
involves the separation of the water from the asphalt cement. In cationic emulsions, the break is often chemical,
driven by the attraction between the positively charged asphalt droplets and the negatively charged aggregate
surface. In anionic emulsions, the break is primarily driven by evaporation. The MS-19 manual emphasizes that
the speed of this break is influenced by environmental conditions (humidity, temperature, wind) and the mineralogy
of the aggregate.

Technical Classification and Nomenclature

The MS-19 manual provides a standardized nomenclature system that allows engineers to specify the correct



material for a particular application. This system is based on the setting rate and the viscosity of the emulsion. The
standard designations include:

* RS (Rapid Setting): Designed to break quickly upon contact with aggregate. These are primarily used for chip
seals and surface treatments where a fast bond is required.

* MS (Medium Setting): Formulated for mixing with coarse-grained aggregates. They have sufficient stability to
allow for mixing time but set relatively quickly.

¢ SS (Slow Setting): Highly stable emulsions used for mixing with fine-grained aggregates or for applications
like tack coats and fog seals where deep penetration is necessary.

 Cationic Prefix: The letter 'C' is added (e.g., CRS, CMS, CSS) to denote a cationic charge. The absence of
the 'C' implies an anionic charge.

¢ Hardness Designations: Suffixes like 'h' (hard) or 's' (soft) indicate the penetration grade of the base asphalt
used in the emulsion.

Comparative Matrix: Emulsion Grades and Typical Applications

The following table outlines the common grades defined in the MS-19 framework and their primary engineering
uses.



Emulsion Grade Setting Speed Charge Type Primary Applications

CRS-2 Rapid Cationic Chip Seals, Surface
Treatments, Penetration
Macadam

RS-2 Rapid Anionic Surface Treatment, Sand
Seal

CMS-2 Medium Cationic Cold-Mix Asphalt, Open-

Graded Mixes

MS-2 Medium Anionic Plant Mix (Cold), Patching
Mix
CSS-1h Slow Cationic Tack Coat, Fog Seal, Slurry

Seal, Dust Control

SS-1 Slow Anionic Prime Coat, Base
Stabilization, Soil Treatment

Laboratory Testing and Quality Control Standards

The MS-19 manual details rigorous testing protocols to ensure that asphalt emulsions meet performance
specifications. These tests are divided into those that evaluate the emulsion itself and those that evaluate the
residue (the asphalt left behind after water evaporation).

Physical Property Tests

e Saybolt Furol Viscosity: Measures the flow characteristics of the emulsion at specific temperatures (usually
25°C or 50°C). This determines the sprayability and ability of the emulsion to coat aggregates without runoff.

e Storage Stability Test: Determines the ability of an emulsion to remain in a homogeneous state during
storage. It measures the difference in asphalt content between the top and bottom of a sample after 24 hours.

« Sieve Test: Checks for the presence of large globules of asphalt that could clog spray nozzles or result in
uneven application.

 Particle Charge Test: Confirms whether the emulsion is cationic or anionic by using an electrical circuit and
observing which electrode the asphalt particles migrate toward.

Residue Tests

After the emulsion is broken via distillation or evaporation, the resulting residue is tested to ensure it retains the
properties of high-quality asphalt cement. Key tests include Penetration (measuring hardness), Ductility
(measuring tensile strength/stretch), and Solubility (measuring purity).

Engineering Applications: From Maintenance to Structural Layers

Asphalt emulsions are versatile tools in the pavement engineer's arsenal. The MS-19 manual categorizes their use
into several high-impact applications.

Surface Treatments and Seal Coats

Seal coats are the primary defense mechanism for preserving existing pavements. By applying a thin layer of RS or
CRS emulsion followed by a layer of aggregate (chips), engineers can waterproof the surface, restore skid



resistance, and prevent oxidation. The MS-19 manual provides detailed guidance on application rates, which are
calculated using the following general logic:

Tack Coats and Fog Seals

A Tack Coat is a light application of SS or CSS emulsion between pavement layers to ensure a strong monolithic
bond. Without an effective tack coat, layers may delaminate, leading to slippage cracks and structural failure. A Fog
Sealis a light application of diluted emulsion to an existing aged pavement to fill hairline cracks and "rejuvenate"
the surface binder.

Cold Mix Asphalt (CMA) and Recycling

One of the most significant advantages of emulsions highlighted in MS-19 is their use in Cold Mix Asphalt. Unlike
Hot Mix Asphalt (HMA), which requires temperatures exceeding 150°C, CMA can be produced and laid at ambient
temperatures. This is achieved using MS or SS emulsions. Furthermore, emulsions are the primary binder in Full
Depth Reclamation (FDR) and Cold In-Place Recycling (CIR), where the existing distressed pavement is
pulverized, mixed with emulsion, and compacted to form a new, stabilized base layer.

Practical Implementation and Field Best Practices

Successful emulsion application requires meticulous attention to field conditions. The MS-19 manual serves as a
troubleshooting guide for contractors to avoid common pitfalls.

Storage and Handling Requirements

« Temperature Management: Emulsions should never be allowed to freeze, as the water phase will expand and
break the emulsion prematurely, rendering it useless. Conversely, excessive heating (above 85°C) can cause
skinning or localized breaking.

¢ Avoid Contamination: Mixing cationic and anionic emulsions results in immediate breaking and solidification in
tanks or spray bars. Systems must be thoroughly flushed when switching grades.

¢ Gentle Agitation: While some circulation is necessary to prevent settlement, high-shear pumping can break
the emulsion.

Field Troubleshooting Matrix



Observation Potential Cause Recommended Solution (MS-19
Guidance)

Streaking (Drill Marks) Clogged nozzles or low pressure Clean spray bar; ensure proper pump
speed and temperature.

Poor Aggregate Adhesion Dusty aggregate or wrong charge Use washed aggregate; verify
compatibility (Cationic vs. Anionic).

Bleeding (Excess Asphalt) Application rate too high Adjust distributor settings; check
aggregate size consistency.

Slow Breaking High humidity or low temperature Suspend operations until conditions
improve; switch to a faster-setting
grade.

Environmental and Economic Sustainability

The modern engineering landscape places a premium on sustainability, and asphalt emulsions offer several distinct
advantages over traditional cutback asphalts and hot mixes. Cutback asphalts rely on volatile organic compounds
(VOCs) like kerosene or diesel to liquefy the bitumen. These solvents evaporate into the atmosphere, contributing
to pollution. In contrast, emulsions use water as the carrier, significantly reducing VOC emissions.

Furthermore, the energy savings associated with emulsions are substantial. By eliminating the need to heat
aggregates to high temperatures, contractors can reduce fuel consumption by up to 40-50% during the production
of cold mixes compared to HMA. This makes emulsions a cornerstone of "Green Procurement" strategies in
municipal and federal infrastructure projects.

The Legacy and Future of MS-19

The MS-19 Basic Asphalt Emulsion Manualcontinues to be updated to reflect the latest in polymer modification
and chemical additive technology. Modern "High-Float" emulsions and polymer-modified variants (e.g., CRS-2P)
are pushing the boundaries of what these materials can achieve, allowing for thinner, more durable surface
treatments that can withstand higher traffic volumes and extreme weather cycles.

By adhering to the principles outlined in MS-19, agencies can extend the lifecycle of their pavement assets,
reducing the long-term financial burden on taxpayers while maintaining safe, high-quality road networks. The
manual remains an indispensable tool for bridging the gap between theoretical material science and practical, on-
site engineering execution. Whether for a simple rural dust-control project or a complex highway recycling initiative,
the technical foundation provided by the Asphalt Institute’s MS-19 manual ensures that asphalt emulsions are used
to their fullest potential, fostering a more resilient and sustainable global infrastructure.
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