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Autonomous Detection of Mechanical Damage and Self-Healing

Materials are susceptible to damage in the form of small cracks, which are often difficult to detect. Even at small scales,
crack damage can significantly compromise the integrity and functionality of polymeric materials. Damage to protective
coatings on metal substrates initiates corrosion undercutting and other forms of environmental degradation. Barely visible
impact damage of composite materials leads to significant decrease in mechanical performance. The ability to enhance the
detection of small-scale damage prior to catastrophic material failure is important for improving the safety and reliability
of critical components, while simultaneously reducing life cycle costs associated with regular maintenance and inspection.
In this talk, a simple, robust, and sensitive mechanochromic approach for autonomous indication of damage in polymeric
and composite materials will be described. Fluorogenic and chromogenic components are incorporated into material
matrices via core-shell microcapsules. With this detection scheme, mechanical damage triggers rapid generation of a local
fluorescence signal or a color change that is easily visualized and provides excellent contrast between intact and damaged
regions of a material. The general indication mechanism enables the unaided detection of damage less than 2 microns
in size in a wide variety of materials prepared using diverse fabrication methods. For internal microcracks in polymers,
photoacoustic probes are exploited to achieve damage detection with centimeter penetration. By synergistically integrating
the detection ability into a self-healing material, the autonomous performance restoration is revealed in real-time, providing
a powerful tool for assessing the material integrity.
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