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Research subject: One of the common problems in natural gas transmission lines is congestion and pressure drop in gas transmission pipes due to the
formation of gas hydrates. Gas hydrates are stable crystalline compounds that are formed from the contact of water molecules with some gas molecules
of the right size and under the right thermodynamic conditions (low temperature and high pressure). These compounds are studied from both
thermodynamic and kinetic perspectives. Despite many studies in the thermodynamic part of hydrates, the kinetics of hydrates require further study.

Research approach: To this end, in order to determine the equilibrium conditions of natural gas hydrate, 5 different experiments were conducted with
a natural gas sample from Gas and Liquefied Gas Refinery 1300 in the temperature range of 285.5, 281.5, 276.21, 275.59, 273.92 Kelvin and pressure
of 41.1, 28.2, 18.84, 13.4, 11.5 bar in a reactor using the constant volume method.

Main results: Based on the experimental data, the mass transfer coefficient was 0.243, 0.159, 0.153, 0.094, 0.131 meters per second, respectively, and
the molecular diffusion coefficient was 4.516(x10™), 4.785(x10%), 1.175(x10%), 2.847(x10"%), 1.147(x10%) m?%s. These results show that with
increasing reactor temperature (at constant pressure), the mass transfer coefficient decreases and the molecular diffusion coefficient increases. Also,
with increasing pressure (at constant temperature), the mass transfer coefficient increases and the molecular diffusion coefficient decreases, which is
consistent with empirical equations. Statistical analysis of the results revealed that the reactor pressure parameter has a greater effect on the mass transfer
coefficient than temperature. Furthermore, statistical examination showed that temperature is a more influential parameter on the molecular diffusion
coefficient (DAB) of natural gas in water.
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Table 1 Specifications of the gas mixture from the gas and
liquefied gas refinery 1300

Component Mol%
H2S 0.95
N2 0.98
CO2 3.70
Methane 72.13
Ethane 12.30
Propane 6.18
i-Butane 0.75
n-Butane 1.72
i-Pentane 0.46
n-Pentane 0.44
Cs 0.22
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Figure 1 Schematic of the laboratory system for studying the
process of gas hydrate formation
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Figure 3 Changes in the hydrate formation pressure of the gas
from the gas and liquefied gas refinery 1300 in water during the
first experiment (a), second experiment (b), third experiment (c),
fourth experiment (d),
fifth experiment (e)
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Figure 4 Changes in the mole amount of hydrate formation of the
gas from the gas and liquefied gas refinery 1300 in water during
the first experiment (a), second experiment (b), third experiment
(c), fourth experiment (d), fifth experiment (e)
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Table 3 Experimental values of the intermolecular diffusion
coefficient of natural gas from the gas and liquefied gas refinery

1300
) Initial molecular
Experiment Avg o
pressure diffusion
Number temp (K) .
(bar) coefficient (m2/s)
1 285.5 41.1 4.516x10°°
2 281.95 28.2 4.785x10°°
3 276.21 18.84 1.175%x10°%°
4 275.59 134 2.847x10°
5 273.92 115 1.147x10°%°
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Figure 5 Changes in the mole amount of gas consumed from the
gas and liquefied gas refinery 1300 in water during the first
experiment (a), second experiment (b), third experiment (c), fourth
experiment (d), fifth experiment (e)
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Table 2 Experimental values of the mass transfer coefficient for

the formation of natural gas hydrates from the gas and liquefied
gas refinery 1300

. Initial
Experiment Avg Mass transfer
pressure .
Number temp (K) coefficient(m/s)
(bar)
1 285.5 411 0.24398
2 281.95 28.2 0.159689804
3 276.21 18.84 0.1536114
4 275.59 13.4 0.094624005
5 273.92 115 0.131786387
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Figure 8 The effect of the simultaneous interaction of temperature

and pressure parameters of the reactor on the mass transfer
coefficient (Kc)
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Figure 9 Variation of the intermolecular diffusion coefficient
(Dasg) with reactor pressure
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Figure 7 Variation of the mass transfer coefficient (Kc) with
reactor temperature
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