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Abstract-In this study, an accurate and efficient framework is developed to predict the thermal conductivity ()

of carbon-based nanomaterials, including carbon nanotubes (CNTs) and graphene, by integrating Molecular
Dynamics (MD) simulations with a Graph Neural Network (GNN). Training data are generated from MD
simulations using the LAMMPS software and the AIREBO potential under various conditions, including defects,
strain, temperature, and structural size. A Message Passing Neural Network (MPNN) model is then trained to
predict ¥ with high accuracy (RMSE = 0.18 W/mK) in less than 0.5 seconds. Results demonstrate that the GNN
model accurately reproduces k values compared to experimental and simulation data. Physical analysis reveals
that atomic defects, increasing temperature, and reduced structural size decrease k by up to 48%, 35%, and 36%,
respectively. Furthermore, applying tensile strain up to 10% reduces x by 39%, attributed to enhanced phonon
scattering and reduced phonon group velocity. Interpretability analysis using Grad-CAM identifies atoms near
defects, boundaries, and strained regions as the most influential in reducing «, consistent with phonon scattering
theory. This indicates that the GNN model not only predicts but also interprets the underlying physical
mechanisms. The proposed hybrid framework offers a powerful tool for designing intelligent thermal materials,
strain-based sensors, and nanoelectronic cooling systems.
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