Effect of Aging and Rejuvenation on Surface Free Energy Measurements and Adhesive Property of Asphalt Binder
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Introduction Concept of Surface Free Energy

Aging of asphalt binder is inevitable and occurs during construction
and In-service state. Factors affecting aging includes oxygen,
moisture, ultraviolet irradiation, heat radiation, and traffic. These
effects ultimately lead to the changes in the molecular structures and
chemical functional groups of asphalt binder. These changes may
result in stiffening of asphalt concrete (AC), which accelerates fatigue
cracking. In addition, aging may result in moisture induced distresses;
especially stripping. AC stripping results in separation of asphalt
binder from aggregate in two spatial domains: first, at the interface of
asphalt binder film and aggregate, and secondly, within the mastic
phase, which are loss of adhesion and cohesion, respectively. Such
losses can be associated with asphalt binder and aggregate surface
energy.

The major objective of the study is described as follows:

Evaluate the impacts of asphalt binder aging and

rejuvenation on the behavior of various surface free
energy (SFE) components
aggregate binder interaction.

of asphalt binder and

Concept of Surface Free Energy S e AT e

Surface free energy (SFE) of a solid or liguid material refers to the
magnitude of work required to create a unit area of a new surface of

the material in a vacuum.

The total surface free energy (y) of a solid or i

liquid material consists of three surface energy
components occurred by the molecular forces:
a nonpolar Lifshitz-van der Waals component
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Ws; Is the work of adhesion between a solid (S) and a liquid (L), ysIs
the surface free energy of solid, y; Is the surface free energy of liquid,
and ys; Is the interfacial surface free energy that is separated during
adhesion process.
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Experimental Design and Materials Used
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(D) Energy Ratio Parameters
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Conclusions

Contact angle increases with aging for the case of distilled water,
showing liquid’s ability to spread.

The contribution of Lifshitz Waals component was found to be higher
than other components of SFE. In addition, the Lifshitz Waals
component decreased with aging.

Addition of rejuvenators improved the cohesive energy, enhancing
the resistance to moisture damage. The effect rejuvenator R2 was
more prominent in extremely aged binders while R1 effect was more
evident in less aged binders.

Granite has greater work of adhesion than limestone.

Energy ratio (ER) parameter decreased with aging for both aggregate

types
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