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Phase equilibrium curve of methane hydrates
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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 CH, + C,H, gas mixture was charged into the cell to a pressure of 3 MPa.
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Fig. 1. Schematic diagram of in situ Raman measurements.



Results

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

Structural change
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How to detect the structural change?

e Hydrate structures transition from sl to sl|
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Fig. 4. Raman spectra of hydrate formed by 45 mol% CH4 + 55 mol% C,Hg at
different times during dissociation at 270.15K and atmospheric pressure. The
peak positions remain unchanged throughout the decomposition process.
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Method 1
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Method 2
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Hydrate structures transition from sl to sl| Method 2
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Fig. 9. Individual Raman spectra of hydrate formed by 50 mol% CH, + 50 mol
% CzHe at different times during dissociation at 270.15K and atmospheric
pressure. The values of PAR are higher than 3.0 at the initial stage of decom-
position process, with the increase of decomposition time, the values of A;/Ag
are lower than 1.5.
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Fig. 14. Individual Raman spectra of hydrate formed by 60 mol%
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atmospheric pressure. The peak positions shift to the left; and the hydrate
structure transforms from type I to type IL



Methane—ethane hydrate dissociation mechanism

512 51262

Type of
cage

Average
diameter

Number of cages
per unit cell

51264

4°5%°

Type | structure

Intensity /2.

Intensity / a.u

A 50 mol% CH:+ 50 mol% C:Hs | @ CH © Ci |

CH.-C:He SI Hydrate

A pe0
200 cas'e)
)
cus™

2004
crele)

£
o™

007 »a
ey vy

20
sy

CH.-C:He SIT Hydrate

Raman Sht / !

(A) 50 mol% CHy4 + 50 mol% C,Hg

o)
k)
o«
2

g
=
o)
=
“+
)
(]
2

=
X
o)
o

© CHs . C:He 1

b
vy

M G CHs-C:He SII Hydrate
(B) 68 mol% CHa + 32 mol% C2He



cage transformation1.jpg

Conclusion

Occurrence time of structural transition at different decomposition

temperatures and gas components.

Gas components Equilibrium gas components 270.15K 269.15K
Run 1 50 mol% CH4 + 50 mol% C:He 53.8 mol% CH,4 + 46.2 mol% CiHe 317 = 56 min 993 + 197 min
Run 2 60 mol% CH,; + 40 mol% CxHe 63.2 mol% CH, + 36.8 mol% CsHe 208 + 48 min 524 + 162min
Run 3 [41] 68 mol% CH,; + 32 mol% CxHe 72.5 mol% CH, + 27.5 mol% CsHe 93 + 30 min 67 + 99 min




