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Optimization of PCM-Based Thermal Storage Aggregates Coating Techniques for

Long-Term Performance of Mortar

- Enhancing Interfacial Bonding and Thermal Transfer for Practical Implementation -
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Abstract

This study introduces an xGnP-epoxy composite coating strategy to address two key issues that may arise when Phase change material

(PCM)-impregnated thermal storage aggregates are applied in cement-based building materials: uneven thermal distribution and weak

interfacial bonding. Viscosity analysis of the coating binder confirmed the development of a microscale thermal conductivity enhancement

mechanism driven by the dispersion of xGnP, which was further validated at the macroscale through dynamic thermal transfer testing.

Although thermal responses were similar across different coating configurations, the method embedding xGnP within the epoxy matrix—rather

than exposing it on the surface—resulted in a more uniform coating with reduced nanoparticle agglomeration. This led to stronger interfacial

bonding and improved compressive strength. These results indicate that the coating strategy itself, rather than xGnP exposure, plays a critical

role in performance, and support the proposed approach as an effective aggregate-level modification technique for enhancing the long-term

durability of PCM-integrated mortar.
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Case 1 (epoxy resin only)

| Case 2 (epoxy resin + xGnP) Case 3 ((epoxy resin +xGnP) |
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lGnP position: internal
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Compressive Strength (MPa)

Mortar specimens

79 28
PLBM 0 9.6 14.5
PLBM 60 18.7 26.0
PLBM 60 + C 24.3 26.2
PLBCM 60_Case 1 32.7 35.9
PLBCM 60_Case 2 25.3 31.2

PLBCM 60_Case 3 19.1 23.2
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(j) Epoxy coverage and strength
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