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Prediction of Equilibrium Hydrate Formation Conditions for Gas Mix-
tures Using the Statistical Associating Fluid Theory Equation of State

LI, Xiao-Sen* WU, Hui-Jie FENG, Zi-Ping TANG, Liang-Guang FAN, Shuan-Shi
(Guangzhou Institute of Energy Conversion, the Chinese Academy of Sciences, Guangzhou 510640)

Abstract The statistical associating fluid theory (SAFT) equation of state in conjunction with the statistical
model of van der Waals and Platteeuw was employed to predict the formation equilibrium conditions of bi-
nary gas mixtures containing methane, ethane, propane, ethylene, propylene, H,S, CO,, N, and H; in the
presence of agueous solutions. The SAFT equation was used to describe the vapor and liquid phases. In cal-
culation, the SAFT took into account hard sphere repulsion, hard chain formation, dispersion and association
interactions. The van der Waals and Platteeuw model was applied to calculate the hydrate phase. The predic-
tions were found to be in quite good agreement with the experimental data.

Keywords gas hydrate; the statistical associating fluid theory; equation of state; equilibrium formation
condition
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Fluid m  o/(X10 °m) ek (K) &®k(K) «*®
Water 0.982 2.985 43391 119520 0.038
Methane  1.186 2.990 160.84
Ethane 1.437 3.193 199.73
Propane  2.367 3.078 174.07
Ethylene  1.843 3.248 150.63
Propylene 2.287 3.082 171.13
Co, 1.833 2.654 165.80
N, 1.112 3473 90.84
H, 0.639 3.884 32.99
H,S 1.006 3.680 29388 534.18 0.009
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Figure 1 Computational flow scheme for the prediction of
equilibrium gas hydrate formation condition
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Figure 2 Gas hydrate formation prediction for methane/eth-
ane/water system
Symbols—experimental, m 43.6% ethane, A 9.6% ethane, ¥ 5.0% ethane, ¢
2.2% ethane; Lines—predicted
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Table2 Predictions of the hydrate formation pressures
Gas component 1 Gas component 2 T-range/K p-range/MPa AAD (p)/% Ref.
2.2% ethane 274.8~283.2 2.365~6.088 0.76
5.0% ethane 274.8~283.2 1.841~4.771 0.80 [29]
9.6% ethane 274.8~283.2 1.524~3.965 0.44
43.6% ethane 274.8~283.2 0.945~2.434 1.10
4.8% propane 274.8~283.2 0.814~2.227 1.92
11.7% propane 274.8~283.2 0.552~1.558 3.95 [29]
28.8% propane 274.8~283.2 0.365~1.151 5.27
7.13% ethylene 273.7~283.2 2.230~6.002 0.22
14.31% ethylene 273.7~283.2 1.800~4.640 0.33
35.73% ethylene 273.7~283.2 1.146~3.120 0.80 [30]
65.91% ethylene 273.7~283.2 0.784~3.115 0.61
94.40% ethylene 273.7~283.2 0.712~2.916 0.48
Methane
0.66% propylene 273.7~283.2 2.531~6.585 177
3.40% propylene 273.7~283.2 1.421~4.121 0.13 [30]
7.60% propylene 273.7~283.2 1.081~3.161 0.31
3% H,S 278.7~287.6 2.83~6.65 0.26
6% H,S 279.3~287.1 2.21~4.79 0.64 [(31]
11% H,S 281.5~292.1 2.07~6.00 1.10
22% H,S 279.8~287.6 1.03~2.10 0.56
12.7% N, 282.8~295.2 7.40~31.31 2.35
26.9% N, 273.2~294.4 3.90~34.33 0.61 [32]
49.75% N, 273.2~291.8 4.96~33.19 1.27
22.13% H, 274.3~278.2 3.72~5.34 1.07 [33]
36.18% H, 274.3~278.2 4.46~6.63 1.50
N, 91.0% CO, 273.4~279.1 1.37~3.09 5.33 (34]
96.5% CO, 273.1~279.4 1.22~2.89 6.65
16.7% H, 273.9~281.6 1.58~5.15 0.46
CO, 42.1%H, 274.6~281.4 2.77~8.31 0.29 [35]
60.8% H, 273.9~278.4 5.56~10.74 0.36
2 FIZR 2 i, T4 RART, S AAD 2 0.78%. 2.7
M ZEAR 0.44%, e K I ZE AR 1.10%. 244 .
2.1
3.2 BE/AKIK 184
FAVRIHSAFT J7RET0IN T H Bl N B i & AR IR 7K § 154
EUIHIE ), TIERIBE R4k 4.8%~28.8%, Tl B é;
o4 2 13, R IAAD Sk 3.71%. 4Tk S it 06
28.8%I1f, fWZzE K, N 5.27%. "L, MA KL S BE 034
G ARTERAR LR, B B e &5 Sl oK. (H 2, 0.0 . . , .
2740 2760 2780  280.0 2820 2840

g8 USSR A IS NI R
3.3 HR/IZHIK

AL FHSAFT J7 FERE e LI -G K G Y
(7 15 T2 s 3 EAT T U5, &0 1 B R Oy Bk
7.13%~94.4%. % 2 5 445 H T il 45 5 ) ADD, &
ADD 4 0.49%, f/MmZE R 0.22%, K mZEt KA
0.80%. wJ L, SAFT [ & FAE 5155

T/K

Bl 3 AR KR R ARG BT il
Figure 3 Gas hydrate formation prediction for methane/pro-
pane/water system
Symbols—experimental, m 28.8% propane, A 11.7% propane, ¢ 4.8% propane;

Lines—predicted
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Figure 4 Gas hydrate formation prediction for methane/ethyl-

ene/water system
Symbols—experimental, m 7.13% ethylene, A 14.31% ethylene, ¢ 35.73%
ethylene, ¥ 65.91% ethylene, @ 94.40% ethylene; Lines—predicted
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Figure5 Gas hydrate formation prediction for methane/propy!-
ene/water system

Symbols—experimental, m 0.66% propylene, A 3.40% propylene, ¢ 7.60%
propylene; Lines—predicted
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Figure 6 Gas hydrate formation prediction for methane/

H,S/water system
Symbols—experimental, m 3% H,S, A 6% H,S, ¢ 11% H,S, ¥ 22% H.S;
Lines—predicted
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Figure 7 Gas hydrate formation prediction for methane/N,/

water system
Symbols—experimental, m 12.70% Nj, A 26.90% Ny, ¢ 49.75% Nj; Lines—

predicted
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Figure 8 Gas hydrate formation prediction for methane/H,/

water system
Symbols—experimental, m 22.13% H,, A 36.18% H; Lines—predicted
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Figure 9 Gas hydrate formation prediction for N,/CO,/water
system
Symbols—experimental, m 91.0% CO,, A 96.5% CO,; Lines—predicted
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Figure 10 Gas hydrate formation prediction for H,/CO,/water

system
Symbols—experimental, m 16.7% H,, A 42.1% H,, ® 60.8% H,; Lines—
predicted
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