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Molecular dynamics simulation of effect of polyvinyl caprolactam on instability
mechanism of natural gas hydrates
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Abstract: Hydrate plugging is a major safety challenge in the development of deepwater oil and gas resources. Among them, the
nucleation, agglomeration and instability of hydrates are the key processes in mitigating hydrate plugging. However, the effect of
polyvinyl caprolactam (inhibitor) on the instability mechanism of natural gas hydrates has not yet been clearly elucidated. Molecular
dynamics (MD) simulations and density functional theory (DFT) calculations were employed to investigate the instability process of
natural gas hydrate aggregates under tensile and compressive loads in the presence of polyvinyl caprolactam. Key parameters within the
aggregates, including instability stress, Young’s modulus, the number of cage structures, the number of water molecules and
intermolecular interactions, were analyzed. The results indicate that the hydrate aggregates exhibit local unstable brittle fracture under
tensile load, whereas under compressive load they display strain softening and overall unstable failure. The inhibitor significantly
reduces the mechanical properties and structural stability of hydrate aggregates by enlarging the strength difference within the hydrogen
bond network, generating repulsive interactions and exerting steric hindrance effects. Specifically, after adding the inhibitor, the tensile
and compressive ultimate instability stresses of the hydrate aggregates decrease by approximately 44.17% and 29.62%, respectively,

while their stiffness and resistance to external loads are also reduced. In addition, the inhibitor suppresses the ordered arrangement of
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water molecules, the formation of 5'26°-type cage structures and the recombination of hydrate cages, thereby making the aggregates

more prone to structural deformation and instability failure under external load.

Keywords: natural gas hydrates; instability stress; inhibitor; molecular dynamics
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Fig.1 [Initial configurations of simulated systems before

mechanical testing
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Fig.2 Evolution processes of system conformation instability: Tensile load (a) and compressive load (b)
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Fig. 3 Variations of tensile instability stress (a), compressive instability stress (b) and Young’s modulus (c) of hydrate aggregates
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Fig. 5 Variations of number of cage structures (a), number of water molecules (b) and system conformation (c) with simulation

time under compressive load
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