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In this work, AIMD simulations of 15 crystalline and 2 liquid structures at different temperatures were
performed using VASP software to obtain a database for machine learning. To obtain the carbon potential,
the Deep Potential Smooth Edition (DeepPot-SE) was used to get the initial model. The obtained potential
function of carbon not only demonstrates strong scalability but also effectively enables the study of the
formation mechanisms of amorphous diamond and polycrystalline diamond using Ceo crystals and graphene
as precursors under high-pressure high-temperature conditions (HPHT). Using the new machine learning
potential of carbon, combined with LAMMPS software for molecular dynamics simulation, the growth
process of amorphous diamond based on fullerene molecular crystals is studied, and the destruction of the
fullerene structure occurring at 40 GPa and around 600 K is successfully observed in the process of
transforming from fullerene to amorphous diamond. After relaxation with 700 K for 40 ps, about 88% of
the carbon atoms formed a stable sp® hybridization. This research into the growth process from graphite to
diamond has proved the role of graphene defects in facilitating stable crystal interface at high temperature
and high pressure, which is conducive to the transformation of graphite into a diamond phase mixed with
CD and HD. In addition, the formation and migration of the gradia interfaces play an important role in
graphite-to-diamond transformation under HPHT condition. This study significantly advances our
understanding of carbon's behavior under various conditions and paves the way for more accurate
predictions and applications through the development of a neural-network-based deep potential.
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