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Covalently Bonded Graphene-Carbon Nanotube Hybrid for High-Performance Thermal Interfaces
The remarkable thermal properties of graphene and carbon nanotubes (CNTs) have been the subject of intensive
investigations for the thermal management of integrated circuits. However, the small contact area of CNTs and the large
anisotropic heat conduction of graphene have hindered their applications as effective thermal interface materials (TIMs).
Here, a covalently bonded graphene–CNT (G-CNT) hybrid is presented that multiplies the axial heat transfer capability of
individual CNTs through their parallel arrangement, while at the same time it provides a large contact area for efficient
heat extraction. Through computer simulations, it is demonstrated that the G-CNT outperforms few-layer graphene by
more than 2 orders of magnitude for the c-axis heat transfer, while its thermal resistance is 3 orders of magnitude lower
than the state-of-the-art TIMs. We show that heat can be removed from the G-CNT by immersing it in a liquid. The heat
transfer characteristics of G-CNT suggest that it has the potential to revolutionize the design of high-performance TIMs.
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