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Research subject: Methane hydrate reservoirs as an unconventional
resource of natural gas can secure demand of energy in the world for
many years. Efficient production from this resource is the subject
of concern. CO-2Methane replacement is a novel method for gas
production from naturally occurring methane hydrate deposits such
that methane production and CO2 storage occur simultaneously.
Research approach: In this study a new kinetic model is proposed for
CO-2Methane replacement in the hydrate structure. The kinetic model
is developed based on the mechanism proposed for replacement in
the hydrate structure in the presence of excess water in a slurry phase
of methane hydrate. According to this mechanism, partial breakage of
methane hydrate cages, methane-CO2 substitution, and formation of
CO2 hydrate proceed simultaneously. Methane hydrate dissociation
and CO2 hydrate formation kinetic parameters were evaluated
experimentally and fitted using polynomial functions of pressure and
temperature.

Main results: Evaluation of the effects of pressure and temperature
on the replacement efficiency showed that higher replacement
efficiency was obtained at higher temperatures and lower pressures.
Therefore the replacement kinetic was controlled by methane hydrate
dissociation step. Indeed, higher temperature and lower pressure
favored dissociation of methane hydrate. At 278.15 K, the replacement
efficiency decreased from 15.78 to 8.80 as the total pressure increased
from 55 to 65 bar. However, at 280.15 K, it decreased from 26.98 to
15.91 by decreasing the total pressure from 60 to 70 bar. At a same
pressure of 60 bar, the replacement efficiency was 20.96 and 11.59 for
280.15 K and 278.15 K, respectively.
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Figure 1. Scheme of the experimental setup
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Figure 2. The proposed mechanism for carbon dioxide replacement in a slurry of methane hydrate
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Table 1. Results of kinetic experiments for carbon dioxide hydrate formation

Moles K fx10°
Experiment T (K) DSS P (MPa) consumption "
rate (mol/s)x10° (mol’s/m*kg)
1 274.15 0.1 1.572 2.47 8.77
2 274.15 0.15 1.664 3.14 5.68
3 274.15 0.2 1.768 3.47 3.17
4 276.15 0.1 1.964 1.21 2.52
5 276.15 0.15 2.080 2.10 2.31
6 276.15 0.2 2.210 3.12 2.41
7 278.15 0.1 2.474 2.04 4.57
8 278.15 0.15 2.620 2.75 3.27
9 278.15 0.2 2.784 3.52 2.82
10 280.15 0.1 3.156 1.92 4.85
11 280.15 0.15 3.342 2.72 3.17
12 280.15 0.2 3.550 3.70 2.86
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Table 2. Constant parameters in the relation proposed for Kuf o @S a function of pressure and temperature
R? jx103 hx103 gx10* fx10* ex10? dx10* cx10* bx10* ax10*
0.9518 | 1.782 -1.29 -2.55 6.717 1.032 6.557 -7.192 | -4.274 1.504
Ole Slaes 4378 (S sl Giales] & bgsye gl ¥ Jgo
Table 3. Results of kinetic experiments for methane hydrate formation
Moles K 'x10°
Experiment T (K) DSS P (MPa) consumption rate "
(mol/s)x10° (mol?s/m*kg)
1 274.15 0.05 2.758 1.11 0.31
2 274.15 0.1 2.632 6.39 0.96
3 274.15 0.15 2.518 12.93 1.09
4 276.15 0.05 3.332 1.07 0.32
5 276.15 0.1 3.18 5.64 0.81
6 276.15 0.15 3.042 10.43 1.09
7 278.15 0.05 4.034 1.16 0.28
8 278.15 0.1 3.85 4.52 0.64
o) 278.15 0.15 3.684 9.91 1.18
10 280.15 0.05 4.9 3.82 1.30
11 280.15 0.1 4.678 9.67 1.65
12 280.15 0.15 4.474 20.61 2.52
13 282.15 0.05 5.976 7.45 1.62
14 282.15 0.1 5.704 9.93 1.86
15 282.15 0.15 5.456 25.9 5.17
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Table 4. Constant parameters in the relation proposed fork ¢ as a function of pressure and temperature

R? jx10° | hx10?3

gx10*

fx10*

ex103

dx10* cx10*

bx10*

ax10*

0.9628 | 6.315 5.542

-3.548

-1.941

-1.577

-1.144 | 4.822

6.461

-1.737
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Table 5. Operational conditions for different cases considered for replacement

Temperature (K) Pressure (bar)
Case 1 278.15 55
Case 2 278.15 60
Case 3 278.15 65
Case 4 280.15 60
Case 5 280.15 65
Case 6 280.15 70
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Figure 3. Effect of pressure on the amount of deliberated methane during the replacement process
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Figure 4. Effect of pressure on the amount of consumed carbon dioxide during the replacement process
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Figure 5. Effect of temperature on the amount of deliberated methane during the replacement process
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Figure 6. Effect of temperature on the amount of consumed carbon dioxide during the replacement
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Figure 6. Effect of temperature on the amount of consumed carbon dioxide during the replacement

process
Case | The produced CH, | The consumed | Final Methane Final Pressure | Efficiency
(mol) CO, (mol) concentration (mole %) | (bar)

1 0.066 0.0711 49.5 56.82 15.78
2 0.0477 0.0603 46.4 61.25 11.59
3 0.0295 0.0528 441 65.61 8.80
4 0.133 0.132 61.5 60.58 26.89
5 0.118 0.120 57.3 64.65 20.96
6 0.102 0.106 49.8 74.28 1591
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