
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 14 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Molecular Simulation
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713644482

Molecular dynamics simulation on the dissociation process of methane
hydrates
L. Y. Dingab; C. Y. Gengb; Y. H. Zhaoa; H. Wena

a Multi-phase Reaction Laboratory, Institute of Process Engineering, Chinese Academy of Sciences,
Beijing, People's Republic of China b Graduate University of Chinese Academy of Sciences, Beijing,
People's Republic of China

To cite this Article Ding, L. Y. , Geng, C. Y. , Zhao, Y. H. and Wen, H.(2007) 'Molecular dynamics simulation on the
dissociation process of methane hydrates', Molecular Simulation, 33: 12, 1005 — 1016
To link to this Article: DOI: 10.1080/08927020701528524
URL: http://dx.doi.org/10.1080/08927020701528524

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713644482
http://dx.doi.org/10.1080/08927020701528524
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Molecular dynamics simulation on the dissociation process
of methane hydrates

L. Y. DING†‡, C. Y. GENG†‡, Y. H. ZHAO† and H. WEN†*

†Multi-phase Reaction Laboratory, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, People’s Republic of China
‡Graduate University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China

(Received January 2007; in final form June 2007)

The dissociation process of methane hydrate is simulated at P ¼ 30 bar and T ¼ 315, 320 and 325 K, using NPT molecular
dynamics (MD) method. An eight unit-cell methane hydrate is employed as a model system. A series of analytical results
concerned with the dissociation process are used to exhibit the continuous changes of methane hydrate from crystal to liquid.
As a result, the dissociation of methane hydrate is considered to be comprised of two successive stages. The first stage is the
process associated with the diffusive behaviour of host molecules, which gradually leads to the increase of the cell size and
ultimately results in the fracture of the lattice structure. Methane molecules will escape from the broken hydrate cavities and
aggregate together in the second stage. The fracture of the lattice structure is found to be the key for hydrate dissociation.
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1. Introduction

Gas hydrates belong to a class of nonstoichiometric

ice-like inclusion clathrates, in which water molecules

(host molecules) form hydrogen-bonded lattice network

with gas molecules (guest molecules) encaged within the

lattice cavities. Guest molecules interact with the host

molecules through van der Waals’ interactions. It is known

that type I, II and H are the major crystal structures of gas

hydrates, depending principally on the molecular size of

guest molecules. Details about the structures and proper-

ties of gas hydrates are described in Sloan’s reviews [1].

Gas hydrates can form during the gas/oil transportation

where they pose a major problem by plugging the

transportation pipelines [2]. Such hydrate formation is a

nuisance, but it could also prove useful in that natural gas

hydrates stored in permafrost region and beneath the sea

floor play an important role as a great reserve of carbon in

the world [3]. They are expected as potential future

resources. In addition, gas hydrates are also drawing

attention because they can be used as a gas storage

medium with a high gas storage capacity [4–6].

Since the first discovery that water forms clathrate

hydrate with chloride in 1810 by Sir Humphrey Davy,

about 200 years of research has been devoted to

understanding hydrate phenomenon. This continuous

effort has well-established the thermodynamic, physical,

and structural properties of gas hydrates. In contrast to the

advances made in thermodynamics, the kinetics associated

with formation and dissociation process is less understood

[7,8]. Recently, the importance of kinetic studies on the

formation and dissociation processes has been increas-

ingly recognised. On one hand, practical and feasible

hydrate exploitation technology could only be developed

if hydrate dissociation kinetics are well understood. On the

other hand, a good knowledge of the hydrate formation

kinetics is important for designing kinetic inhibitors or

anti-agglomerant hydrate inhibitors that are expected to

intervene with the hydrate formation process in pipelines.

In order to achieve a thorough understanding of the

formation and dissociation kinetics, it is essential to study

the mechanism associated with hydrate formation and

dissociation process [9,10]. However, there is still limited

information about the formation and dissociation of

methane hydrate at the microscopic level up to now.

Molecular-scale knowledge is important to understand the

molecular nature and to gain valuable insights on the

mechanism of hydrate formation and dissociation process.

Ota et al. [11] performed molecular dynamics (MD)

simulation on the nucleation process of one unit cell
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methane hydrate and presented a three-step nucleation

mechanism. In the first stage of nucleation, methane

molecules disperse in water, water molecules form

clathrate-like cavities around methane molecules in the

second stage and stable hydrate structures form in the third

stage. Moon et al. [12] simulated the methane/water

interface and observed the formation of nuclei and

sustained growth process. It was found that the hydrogen

bonding network formed at the initial nucleation stage is

dominated by pentagonal rings of water molecules rather

than clathrate-like cages.

The purpose of this work is to simulate the microscopic

dissociation process and discuss the likely mechanism at

molecular level by performing MD simulations on type

I methane hydrates under isothermal and isobaric

conditions.

2. Simulation details

Methane hydrate of type I is modeled, consisted of 368

water molecules and 64 methane molecules, in a

simulation box of 2 £ 2 £ 2 unit cell as shown in figure 1.

Here, methane molecules are displayed as spheres, water

molecules as lines, and hydrogen bonds as dashed lines. The

initial positions of the oxygen atoms in hydrate lattice are

obtained from X-ray diffraction experiment [13] and the

hydrogen atoms are then added in a random manner but

consistent with Bernal–Fowler rule [14]. All cavities in

hydrates are assumed to be occupied by methane molecules

and carbon atoms in methane molecules are placed at the

centre of the cavities.

In order to investigate the effects of different potential

models on the resulting properties of methane hydrate,

Some researchers have tested a series of different models

in their simulation study [15–18]. Chialvo and Cummings

compared SPC, SPC/E and TIP5P model for water and

OPLS and Williams model for methane. As a result, all

these potential models present similar results. We have

also examined SPC, SPC/E and TIP4P for water

molecules in a relatively short MD simulation of 30 ps

with 10 ps for equilibration. The microstructure of the

hydrate is described by the site–site radial distribution

functions (RDF) for the oxygen and carbon atoms.

Figures 2–3 show the calculated RDF goo(r) and goc(r)

where O and C refer to the oxygen atom in water and

carbon atom in methane, respectively. It is apparent that

the three models yield broadly similar results. In this

study, we choose the SPC model because it is

computationally less expensive.

The rigid, three-centre SPC potential model proposed

by Berendsen [19] is used for water–water interactions, in

which a Lennard–Jones interaction is employed for each

Figure 1. The simulation system of methane hydrate.

Figure 2. The RDF of oxygen atoms for three different potential
models.

Figure 3. The RDF between oxygen and carbon atoms for three
different potential models.
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pair of oxygen sites. The potential is expressed as

uðrijÞ ¼
qiqj

4p10·rij
þ 41

s

rij

� �12

2
s

rij

� �6
" #

; ð1Þ

where, rij is the distance between molecules i and j, qi refers

to the charges on molecule i, 10 is the permittivity of free

space, s and 1 are the Lennard–Jones parameters. In water

molecules, the OZH bond length and HZOZH bond angle

Table 1. Lennard–Jones parameters used in this work.

s (Å) 1 (kJ mol21)

H2O 3.166 0.65
CH4 3.73 1.23

Figure 4. Snapshots of the final configuration at (a) T ¼ 315 K, (b) T ¼ 320 K and (c) T ¼ 325 K.
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are constrained at 1.00 Å and at 109.478, respectively.

There are three charges on every water molecule, two of

magnitude þ0.41e located on each hydrogen atom and one

of magnitude 20.82e on oxygen atom.

For simplicity and to minimize the computational

efforts, methane molecules are treated as spherical

particles, and Lennard–Jones potentials are used for

methane–methane interactions according to the OPLS

parameterization [20]. The Lennard–Jones parameters of

water and methane molecules used in this work are listed

in table 1.

The standard Lorentz-Berthelot combining rule is

adopted for the methane – water nonelectrostatic

interactions.

NPT MD simulations are performed with periodic

boundary conditions using DL_POLY MD software

package [21] at pressure P ¼ 30 bar and temperatures

T ¼ 315, 320 and 325 K, respectively. Long-ranged

electrostatic interactions are handled by the Ewald

summation method, and nonelectrostatic interactions are

truncated at a distance of 11 Å.

The total simulation time is 500 ps with time step 1 fs

and 150 ps for equilibration at each temperature. The

equations of motion are integrated using the Leapfrog

algorithm. The rigid water molecule constraints are

implemented using Shake algorithm with periodic

velocity rescaling to maintain the required average

temperature of the system.

3. Results and discussions

3.1 Snapshots and mean square displacements (MSD)

In order to give the general features of the system

configuration, snapshots of the final configurations of

methane hydrate at temperatures of 315, 320 and 325 K

are shown in figure 4. Figure 4 shows that the crystalline

structure of methane hydrate kept stable when T # 320 K.

The collapse of hydrate structure will be observed, and

methane molecules will evidently aggregate together at

325 K.

The MSD of water and methane molecules as a function

of time interval t0 from 0 to 400 ps at 315, 320 and 325 K

are presented in figure 5, respectively. MSD is a measure

of the average distance a molecule travels over some time

interval, defined as

Rðt0Þ ¼ kD2rðt0Þl ¼
1

N

XN
i¼1

½Riðt0 þ t0Þ2 Riðt0Þ�
2

� �
; ð2Þ

where, t0 is the reference time, R(t0) is the MSD, Ri(t0) is the

position of molecule i in the system at run time t0, where the

summation is over all the finite system containingN identical

molecules. The angular bracket indicates an average over

many such reference times. For a stable crystal, the

constituent molecules will vibrate around their lattice sites

without diffusing. Such behaviour will be indicated by the

appearance of a plateau in the MSD, with the height of this

plateau reflecting the final displacements.

Figure 5 indicates that at relatively low temperature

T ¼ 315 K, the MSD profile of water molecules is typical

of stable crystal with a plateau of about 0.5 Å2, indicating

lattice vibrations with amplitudes of about 0.7 Å. At the

intermediate temperature T ¼ 320 K, it is interesting to

note that the MSD of water molecules is slightly diffusing,

although the hydrate is still solid-like, as is shown in the

snapshot of figure 4. However, there is no analogous

diffusive behaviour found in the MSD of methane

molecules at T ¼ 320 K, which, on the contrary, shows a

typical feature of crystalline solid. When the temperature

reaches 325 K, the MSD profiles of water and methane

molecules are both evidently diffusive, showing evidences

of crystal corruption.

Perhaps the most striking feature of figure 5 is the

variations in the behaviour of MSD for water and methane

molecules at 320 K. In particular, water molecules present

a trend of diffusion, while this is not exhibited at all in the

MSD for methane molecules. Considering that some

extent of crystal distortion is observed in figure 4(b), it

could be concluded that the diffusive behaviour of water

molecules only results in some extent of crystal distortion.

The vibration of water molecules is strong enough to lead

Figure 5. MSDs of water and methane molecules at (a) T ¼ 315, 320 K
and (b) T ¼ 325 K.
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the increasing excursions of equilibrium positions to their

lattice sites. The crystal lattice of methane hydrate could

be considered metastable. Nevertheless, melting would be

observed if the simulation was continued for a sufficiently

long time. Therefore, it is reasonable to conjecture that the

Table 2. Diffusion coefficients of water and methane at different
temperatures.

T (K) H2O (cm2 s21) CH4 (cm
2 s21)

315 0.2 £ 1027 0.1 £ 1027

320 1.7 £ 1027 0.1 £ 1027

325 3.3 £ 1025 8.7 £ 1025

Figure 6. Snapshots of the dissociation process of methane hydrate at 325 K for (a) t ¼ 100 ps, (b) t ¼ 160 ps, (c) t ¼ 180 ps, (d) t ¼ 190 ps, (e)
t ¼ 200 ps and (f) t ¼ 250 ps.
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original stage of hydrate dissociation is associated with the

diffusion of host molecules from their lattice sites.

The diffusion coefficient provides a different measure

of the extent to which the system structure is crystalline. It

can be obtained from the Einstein relation

6Dt0 ¼ kRðt0Þ2l; ð3Þ

where D is the diffusion coefficient, R(t0) is the MSD

within the time interval t 0. The calculated diffusion

coefficients of water and methane molecules at 315, 320

and 325 K are presented in table 2. Apparently, the

diffusion coefficient of methane molecules is much lower

than that of water molecules when T # 320 K, while at

325 K the situation is completely different, implying the

methane molecules escape from lattice cavities and

hydrate dissociation occurred. That is to say, the diffusion

coefficient of methane has been much higher than that of

water. According to the present simulation studies, this

can be used as a distinct feature to judge whether the

hydrate dissociated or not, which will be further illustrated

later in this paper.

To further investigate the dissociation process in details,

the snapshots of configurations of methane hydrate at

325 K are shown in figure 6 in the sequence of run time t.

At t ¼ 100 ps, the configuration is an evidently regular

hydrogen-bonded network. The simulation system remains

strongly crystalline when t # 160 ps, although some degree

of crystal distortion can be observed. At t ¼ 180 ps,

the crystal distortion becomes more pronounced. There is

evidently some degradation of hydrate structure, but most

of the cavities still keep stable. A significant loss of the

crystalline structure can be observed at t ¼ 190 ps. The

hydrate structure is completely destroyed and become

liquid-like at t ¼ 200 ps. A few of the methane molecules

even aggregate together, but most of the methane

molecules are still dissolved in water. At t ¼ 250 ps, a

phase separation process can evidently be observed, in

which most of the methane molecules aggregated together.

The melting process of methane hydrate can be fully

presented in figure 6 from t ¼ 160 to 200 ps.

Figure 7 depicts the MSD of water and methane

molecules from t ¼ 160, 170 and 180 ps at 325 K. At

t ¼ 160 ps, the MSD of methane molecules is typical of

crystalline structure, while the MSD of water molecules

indicates the water molecules vibrating with a higher

amplitude, implying slightly diffusive. The behaviour of

water molecules can be regarded as an evidence of pre-

melting, which is the first signal before crystal collapse. At

t ¼ 170 ps or more, water and methane molecules will

perform diffusive.

Figure 8 displays the diffusion coefficients of water and

methane molecules from t ¼ 160 to 200 ps at 325 K. The

diffusion coefficient of methane molecules is lower than

that of water molecules when t # 190 ps. However, the

diffusion coefficient of methane molecules is much higher

than that of water molecules at t ¼ 200 ps. Therefore, it

can conclude that the hydrate will dissociate when

t . 190 ps. These results are in accord with the

conclusions drawn from figure 6, with better resolution.

Moreover, these results have reinforced the conclusion

drawn from table 2.

3.2 Cell size

The change on the average cell size at run time from

t ¼ 160 to 200 ps is shown in figure 9. The cell size

increases gradually and linearly with the increasing run

time when t # 180 ps. Considering that the MSD of water

Figure 7. MSDs of (a) water and (b) methane molecules at 325 K and
run time t ¼ 160, 170 and 180 ps.

Figure 8. Diffusion coefficients of water and methane at 325 K and run
time t ¼ 160, 170, 180, 190 and 200 ps.
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molecules become diffusive as early as t ¼ 160 ps, the

vibration amplitude of the host molecules will be

gradually higher with increasing run time, which in turn

will result in a much looser crystal structure and more

severe crystal distortion. The increase of cell size will

become somewhat slope at t ¼ 190 ps, indicating the

crystal distortion is too severe to maintain the crystal

structure stable. A more dramatic change on the cell size at

t ¼ 200 ps than that at t ¼ 190 ps will occur, because the

crystal structure has been broken completely.

3.3 Radial distribution function (RDF)

To further establish the structure of methane hydrate at

325 K, figure 10 presents the RDF of oxygen atoms goo(r)

in water molecules when run time t ¼ 160, 170, 180, 190

and 200 ps. RDF is defined as the probability of finding a

pair of particles at a distance r apart, relative to the

probability expected for a completely random distribution

at the same density. The first distinct peak represents the

distribution of the neighbouring particles. The RDF curves

of run time t ¼ 160, 170, 180 and 190 ps show two peaks

at almost the same locations. The first maximum peak in

goo(r) is located at 2.78 Å, and hence it is known that the

nearest oxygen atoms are separated from each other at a

distance of around 2.78 Å. It can be therefore inferred

the hydrogen bond length is about 1.8 Å. The second

Figure 9. Cell Size vs. run time.

Figure 10. The RDF of oxygen atoms at different run time.

Figure 11. The RDF of carbon atoms at different run time.

Figure 12. The distribution of coordination numbers of water molecules
at different run time.

Figure 13. The distribution of tetrahedral angles of water molecules at
different run time.
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maximum peak appears at a separation of about 4.53 Å,

which indicates the existence of tetrahedral hydrogen

bonding structures of water molecules in methane hydrate.

As run time increases from 160 to 180 ps, the changes in

goo(r) are confined to slight reductions in peak heights and

increases in peak widths, indicating a continuously slight

crystal degradation due to the loosing and crystal

distortion of hydrate structure. The changes in peak

heights and peak widths are much more pronounced as

t ¼ 190 ps, some of the crystal cavities start to break.

Figure 14. Snapshots of the final configuration when (a) u ¼ 0.375, (b) u ¼ 0.5, (c) u ¼ 0.625 and (d) u ¼ 0.75.
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As t ¼ 200 ps, the second maximum peak is almost

horizontal, indicating a complete destruction of methane

hydrates.

Figure 11 displays the RDF of carbon atoms gcc(r) in

methane molecules at 325 K as run time t ¼ 160, 170, 180,

190 and 200 ps. It can be inferred that the methane atoms

are separated from each other at a distance of about 6.6 Å.

When run time t $ 190 ps, a distinct peak at 4 Å appears,

indicating that the melting process is associated with

the aggregation of methane gas molecules once crystal

cavities broken.

3.4 Coordination number and tetrahedral angle

Figure 12 illustrates the distribution of hydrogen bond

coordination number of water molecules, for investigating

the hydrogen-bonded network during methane hydrate

dissociation. When the run time increases from t ¼ 160 to

180 ps, most of the water molecules still participate in the

tetrahedral hydrogen-bonded network, even the percentage

of 4-coordinated water molecules exhibits somewhat

reduction. The percentage of 4-coordinated water molecules

will appreciably further decrease at t ¼ 190 ps. The

3-coordinated water molecules will become dominant at

t ¼ 200 ps, indicating that the tetrahedral hydrogen-bonded

network is no longer the major form among water molecules

after the melting of hydrate.

As shown in figure 12, each water molecule will

hydrogen-bond to 4 water molecules in a stable hydrate

and form a tetrahedral hydrogen-bonded network

structure. The tetrahedral angles of water molecules can

be seen as a final probe of the hydrogen-bonded network.

Figure 15. MSDs of (a) water and (b) methane molecules when
u ¼ 0.375, 0.5, 0.625 and 0.75.

Figure 16. MSDs of (a) water and (b) methane molecules when
u ¼ 0.375 and run time t ¼ 250, 260 and 270 ps.

Figure 17. The RDF of oxygen atoms at different run time when
u ¼ 0.375.
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The tetrahedral angle u of a water molecule is thus defined

as the average bond angle formed by the central oxygen

atom with pairs of oxygen atoms from among its

hydrogen-bonded water molecules. For a perfect tetra-

hedral structure, the tetrahedral angle equals to 109.478.

The calculated distribution of tetrahedral angles for water

molecules are presented in figure 13. There is an evident

peak located at about 109.478 when run time t ¼ 160 ps,

indicating a nearly perfect tetrahedral structure. The peak

will gradually weaken and broaden with run time

increasing. The changes in peak height and peak width

is pronounced when t $ 190 ps. It is interesting to note

that a peak located at about 109.478 still remains even at

t ¼ 200 ps, indicating that there are still some tetrahedral

structures remaining in the liquid phase.

In this paper, all the MD calculations are based on the

assumption of full occupancy of each cage by methane

molecule. Actually, it can occur more easily in nature if

one or more of the cages are empty. In that case, we might

expect that methane molecules could move more easily

between cages leading to a very different behaviour. To

investigate whether this could be the case, we have also

performed a series of MD simulations for different degrees

of cage occupancy at p ¼ 30 bar. Considering that the

stability ability of methane hydrate will decrease with

decreasing cage occupancy, these MD simulations have

been carried out at a lower temperature T ¼ 290 K in order

to investigate the gradual dissociation processes of partly-

occupied methane hydrates. As a result, we observed

substantially similar dissociation behaviour.

Figure 14 presents the snapshots of the final

configurations of methane hydrate when cage occupancy

u ¼ 0.375, 0.5, 0.625 and 0.75. Figure 15 shows the MSD

of water and methane molecules as a function of time

interval t0 when cage occupancy u ¼ 0.375, 0.5, 0.625 and

0.75, respectively. It can be seen from figure 15 that when

cage occupancy u ¼ 0.75, the MSD profiles of water and

methane molecules are both typical of stable crystal.

When cage occupancy u # 0.5, the MSD profiles of water

and methane molecules are both evidently diffusive,

showing evidences of crystal corruption. When cage

occupancy u ¼ 0.625, the MSD of water molecules is

slightly diffusing. However, the MSD of methane

molecules does not present a trend of diffusion, indicating

that the hydrate is metastable, as is shown in the snapshot

of figure 14.

Figure 16 presents the MSD of water and methane

molecules when cage occupancy u ¼ 0.375 and run time

t ¼ 250, 260 and 270 ps, respectively. At t ¼ 250 and

260 ps, the MSD profiles of methane molecules are typical

of crystalline structure, while the MSDs of water

molecules are slightly diffusive. At t ¼ 270 ps, both

water and methane molecules perform diffusive.

Figure 17 presents the RDF of oxygen atoms goo(r) in

water molecules when cage occupancy u ¼ 0.375 from

run time t ¼ 250 to 290 ps. It can be seen from figure 17

that as run time increases from 250 to 270 ps, the changes

in goo(r) are confined to slight reductions in peak heights

and increases in peak widths, indicating a continuously

slight crystal degradation due to the loosing and crystal

distortion of hydrate structure. The changes in peak

heights and peak widths are much more pronounced when

t $ 280 ps, and the second maximum peak is almost

horizontal, indicating the crystal distortion is too severe to

maintain the crystal structure stable. Figure 18 presents

the RDF of carbon atoms gcc(r) in methane molecules

when cage occupancy u ¼ 0.375 from run time t ¼ 250 to

290 ps. It is apparent that the aggregation of methane

molecules is observed when t $ 280 ps.

Figure 19 gives the snapshots of the final configurations

of methane hydrate from run time t ¼ 250 to 290 ps when

cage occupancy u ¼ 0.375. It can be seen that no methane

molecules were observed to travel between cages up to

t ¼ 270 ps, when the crystal lattices were relatively stable.

A few methane molecules began to escape from their

original cages and move between cages at t ¼ 280 ps,

while the lattice crystals were almost hard to discriminate.

More detailed description about these simulation results

will be published elsewhere [22].

4. Conclusions

The MD simulations are performed on the dissociation

process of methane hydrates in this paper at P ¼ 30 bar

and T ¼ 315, 320 and 325 K. A series of analytical results

concerned with the dissociation process, MSD and

diffusion coefficients of water and methane molecules,

RDF of O atoms in water molecules and C atoms in

methane molecules, cell size and coordination number and

tetrahedral angle of water molecules in hydrates, are

presented, from which a general picture of the dissociation

process of methane hydrate can be drawn.

At the very beginning of hydrate dissociation, the

crystal distortion is associated with the diffusive behaviour

of host molecules. With the progress of dissociation, a

continuous increase will be observed in the vibrational

amplitude of host molecules, and the cell size and crystal

Figure 18. The RDF of carbon atoms at different run time when
u ¼ 0.375.
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distortion will increases gradually. This in turn will result

in a higher vibrational amplitude of both host and guest

molecules. The hydrate cavities will start to break as the

crystal distortion is too severe to maintain the lattice

structure. The guest molecules will escape quickly from

the lattice structure and gradually aggregate together

once the crystal cavities destroyed. It is interesting to note

that the dynamical transition in host molecules occurs

Figure 19. Snapshot of the dissociation process of methane hydrate when u ¼ 0.375 for (a) t ¼ 250 ps, (b) t ¼ 260 ps, (c) t ¼ 270 ps, (d) t ¼ 280 ps and
(e) t ¼ 290 ps.
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earlier than that in guest molecules. In addition, the

diffusion coefficient of methane molecules is substantially

lower than that of water molecules in a stable methane

hydrate, which can be used to determine whether the

hydrate has been dissociated or not. No methane

molecules are observed to travel between cages when

the crystal lattices are relatively stable. It is also

interesting to observe that there are some tetrahedral

hydrogen-bonded network still remaining in the liquid

phase even the hydrate is fully dissociated, but 3-

coordinated water molecules become the dominant.

The dissociation of methane hydrate is considered to be

comprised of two stages. The first stage is the process

associated with the diffusive behaviour of host molecules,

which gradually leads to the increase of the cell size and

ultimately results in the fracture of the lattice structure.

The second stage is such a process in which methane

molecules will escape from the broken hydrate cavities

and aggregate together. The fracture of the lattice structure

is found to be the key for hydrate dissociation. These

descriptions are substantially in accord with the two-step

dissociation mechanism proposed by Sloan [23].
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