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Phase equilibrium curve of methane hydrates
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Structural transition in gas hydrates

When?

• Formation

• Decomposition 

How?

• Composition

• Temperature/pressure

L. Rovetto, C. Peters, 2020

Raman spectroscopy

• Determine hydrate structures and structural transition 

• Very sensitive to relative sizes of the cage and the guest
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Background work

Neutron scattering patterns of sII Ar hydrate changes into sI hydrate at 243 K
after excess Ar was vented and exchanged with CO2 at 6.21 MPa: (a) Initial sII
Ar hydrates at 243 K and 34.5 MPa of Ar; (b) approximately 50% of the sII
hydrates converted to sI hydrates within 2 days after the excess Ar was
replaced with 6.21 MPa CO2 at 243 K; (c) 95% of the sII hydrates converted to
sI hydrates within 4 days after the gas exchange
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Why this paper?

1. They mentioned the dimensions of reactor precisely.

2. Raman characterization

3. Mechanism of the dissociation
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Introduction

The structural transition of methane-ethane gas hydrates is generally observed during the
forming process.

Study on the dissociation behavior of methane-ethane hydrate below ice point has important
implications on gas storage and transportation.

The dissociation of a series of methane-ethane hydrate samples at atmospheric pressure and
temperatures below ice point (272.15 –269.15 K) was performed.

 Influence of gas composition and temperature on the structural transition was examined
using in situ Raman spectroscopy.

The mechanism of the structural transition occurring in gas hydrate decomposition was
proposed.



Experimental procedures

Firstly, the sample cell was loaded with 0.7 mL of deionized water.

The HPOC was cooled using a circulating water bath; after the system temperature became
stable at 274.15 K, it was maintained for 2 h,

Then the CH4 + C2H6 gas mixture was charged into the cell to a pressure of 3 MPa.



Results

Gas Mixture Structural change Structure

269 K 270 K 271 K 272 K

40 mol% CH4

+ 
60 mol% C2H6

❌ ❌ ❌ ❌ sI

45 mol% CH4

+ 
55 mol% C2H6

❌ ❌ ❌ ❌ sI

50 mol% CH4

+ 
50 mol% C2H6

✔ ✔ ❌ ❌ sII

60 mol% CH4

+ 
40 mol% C2H6

✔ ✔ ❌ ❌ sII

70 mol% CH4

+ 
30 mol% C2H6

❌ ❌ ❌ ❌ sII

Dissociation of methane+ethane hydrate (sI) sample at different temperature and 
atmospheric pressure



How to detect the structural change? Method 1

• Hydrate structures transition from sI to sII



Pressures of transition: (a) water–sI and water–

mixed hydrate of methane + ethane versus ethane

concentration in the gas phase at 273 K

Method 1

Zhdanov, R. K. et al., J ENG THERMOPHYS-RUS. 2010, 19, 282-288



Method 2

Peak area ratio (PAR)
AL/AS = 3         for sI
AL/AS = 0.5     for sII

Arnaud Desmedt 's Research Homepage

AL refers to the total area of peaks
corresponding to the cavities (51262 for sI
or 51264 for sII); AS refers to the small
cavities (512).



Hydrate structures transition from sI to sII Method 2



Methane–ethane hydrate dissociation mechanism

cage transformation1.jpg


Conclusion 


