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Abstract — In this study, phase equilibria and formation behaviors of methane hydrate containing mono-ethylene glycol
(MEG) and salts (sodium chloride, NaCl; sodium bromide, NaBr; sodium iodide, Nal) are investigated. Equilibrium
conditions of methane hydrate containing MEG and salts are measured in a temperature range 272~283 K and a pressure
range 3.5~11 MPa. Hydrate inhibition performance in the presence of additives can be summarized as follows: methane
hydrate containing (5 wt% NaCl + 10 wt% MEG) > (5 wt% NaBr + 10 wt% MEG) > (5 wt% Nal + 10 wt% MEG). Formation
behaviors of methane hydrate with MEG and salts are investigated for analyzing the induction time, gas consumption
amount and growth rate of methane hydrates. There are no significant changes in the induction time during methane
hydrate formation, but the addition of MEG and salts solution during hydrate formation can affect the gas consumption

amount and growth rate.
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Fig. 1. Experimental apparatus for measuring methane hydrate phase
equilibrium condition.

Chemical Purity Supplier
Methane (CH,) 99.95 mol% Korea Nano Gas
Sodium chloride (NaCl) 99.0 mol% Sigma Aldrich
Sodium bromide (NaBr) 99.5 mol% Sigma Aldrich
Sodium iodide (Nal) 99.5 mol% Sigma Aldrich
Mono-ethylene glycol (MEG) 99.5 mol% Tokyo Chemical Industry
Distilled water - Samchun
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Fig. 2. Pressure and temperature trace data during methane hydrate
formation and dissociation process.
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Table 2. Measured phase equilibrium conditions and dissociation enthalpies (AH) of methane hydrates with 5 wt% salt and 10 wt% MEG

aqueous solutions

Solution » Mpa) T (K) z Slope AH (kJ/mol)

3.75 272.1 0.9120 65.73155
5 wi% NaCl 5.51 275.85 0.8807 63.47563
+10 wi% MEG 6.95 277.71 0.8581 -8.669 61.84676
7.96 278.85 0.8446 60.87376
9.62 280.38 0.8266 59.57642

391 273.81 0.9107 66.024
5 wi% NaBr 531 276.57 0.8859 64.22605
+10 wi% MEG 6.88 278.85 0.8618 -8.720 62.47885
8.49 280.59 0.8413 60.99263
9.69 28191 0.8299 60.16616
426 275.03 0.9048 66.62685
5 wiv% Nal 5.70 277.54 0.8801 64.80801
+10 wi% MEG 7.00 279.45 0.8611 -8.857 63.40891
8.44 281.05 0.8431 62.08344
10.13 282.59 0.8271 60.90524
3.72 276.7 0.9183 65.49085
5.77 280.9 0.8848 63.10172
Pure CH, 6.65 2823 0.8726 -8.578 62.23164
8.88 284.7 0.8464 60.36313
10.57 286.4 0.8332 59.42173
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Fig. 7. Induction time of methane hydrates containing 5 wt% NaCl
+ 10 wt% MEG( A -red), 5 wt% NaBr + 10 wt% MEG(@-blue),
5 wt% Nal + 10 wt% MEG(l-green), and pure methane
hydrate( 'V -black).
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Table 3. Average induction time, gas consumption, and the maximum gas consumption rate of methane hydrates in salt and MEG systems (the

values in parenthesis, the standard deviation)

Solution 5 wit% NaCl + 10 wt% MEG 5 wt% NaBr + 10 wt% MEG 5 wt% Nal + 10 wt% MEG Pure
Induction time (min) 15.6 (0.9) 12.6 (1.1) 13.6 (0.4) 14.6 (2.4)
Gas consumption (mol) 0.269 (0.009) 0.339 (0.004) 0.313 (0.006) 0.974 (0.007)
Consumption rate (mol/min) 0.001177 (0.00006) 0.001317 (0.00003) 0.001307 (0.00007) 0.001903 (0.00019)
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