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ABSTRACT

Pavement deterioration under extreme temperatures poses a significant challenge to
infrastructure longevity, driving the search for innovative solutions. Phase-changing materials
(PCMs) emerge as a groundbreaking strategy to enhance pavement resilience by leveraging
their unique thermal properties. Embedded within the pavement’s top layer, PCMs absorb and
release substantial latent heat during phase transitions—effectively stabilizing surface
temperature fluctuations. This dynamic thermal regulation mitigates critical issues such as
summer rutting and winter thermal cracking, while extending pavement service life and
reducing maintenance costs. PCMs are broadly classified into organic, inorganic, and eutectic
compounds, with integration achieved through advanced encapsulation techniques like
micro-encapsulation, sol-gel methods, and polymer-based shells. Among these, paraffin-based
PCMs stand out as the most promising due to their cost-effectiveness, high thermal efficiency,
and compatibility with pavement operational temperatures. Fatty acids and salt hydrates also
demonstrate potential, yet paraffins dominate for their optimal balance of performance and
affordability. This review synthesizes cutting-edge research to highlight PCMs’ transformative
role in sustainable pavement engineering. By reducing temperature-induced stresses and
enhancing durability, PCM-integrated pavements represent a vital step toward climate-resilient
infrastructure. Their adoption not only addresses immediate structural challenges but also aligns
with global sustainability goals by minimizing resource consumption and lifecycle costs.
As the demand for smarter, longer-lasting roads grows, PCMs offer a scientifically validated
pathway to revolutionize pavement design, ushering in an era of infrastructure that adapts to
environmental extremes.
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