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Abstract

As a potential clean energy source, natural gas hydrate (NGH) has attracted wide attention. Suffi-
cient understanding and accurate analyses for the complex formation mechanism in a natural gas
hydrate system have to occur before the hydrate untilization. In this paper, molecular dynamics
simulation is carried out to explore the formation and structure patterns under 1 GPa conditions.
Radial distribution function, mean square displacement and ring statistics provide important in-
sights into the behavior of the methane and water molecules present in the system. The simula-
tions show that the structure of nature gas hydrate keeps unchanged at different temperatures,
while the amount of gas hydrate is significantly influenced by temperature. Ring statistics were
used to interpret that the five rings number is more and all connected, a small number of six rings
for isolated form, the ratio is 5:1.
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Table 1. Partial charge of CH, and H,O molecules and atomic site-site Lennard-Jones potential parameters for CH, Hy-

darte-H,O system
= 1. BR5kSFHBSBEERBRKEMERNEREFAL L BREESHK

(VA= i HLf q (e) o (A) ¢ (kJ/mol)
C(CHy) 12.011 -0.24 3.500 0.2761
H(CH,) 1.008 0.06 2.500 0.1255
H(H,0) 1.008 0.0 0.0 0.0
O(H0) 15.994 0.52 3.154 0.6485
M(H,0) 0.0 -1.04 0.0 0.0
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Figure 1. Computational model of type I natural gas hydrate
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Figure 2. Illustration of the melting-quenching process for the preparation of hydrate
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Figure 3. Potential energy stabilizations for CH, hydartes

B 3. H

16.0 16.4 16.8 17.2 17.6 18.0

i 8] (ns)

ek &S ERTRE

N B S AN R BE XS HHGe /K TR I, F i) 2 ns G5R K 0288 /T 0.2 nm (1)
WENRRERIK ST, FFRBUZRAK > TSI, 45 R 4 fs. B 4 T EEH, EE
I LR T, IOLT A2 R AR R AR AN, XRYIE 1 GPa R T, EZRGE TAERRRTKED

DOI: 10.12677/app.2021.116039

331

L 4 2


https://doi.org/10.12677/app.2021.116039

HEAS, M5

Mo, ERER RN, FEAT LS KD TR EY), HEE 1 GPa MM T, LAUR N A BAKHK
IR E A A AT LUTR OB E B e /K S S5 H o

(d)280K () 290 K (H)310K

Figure 4. Spatial distribution of the water molecules that are not “moving”
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Figure 5. Radial distribution function of different atoms
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Figure 6. MSD of (a) the methane molecules; and (b) the water molecules in the gas hydrate crystallization simulations
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Figure 7. Five-membered ring and six-membered ring structures in natural gas hydrate
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Figure 8. The rings per cell (Rc(n)) of nature gas hydrate
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