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The Effect of DME on Phase Equilibria of Methane Hydrates
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Abstract >> Gas resources captured in the form of gas hydrates are an order of magnitude larger than the resources
available from conventional resources. Focus of this research is to investigate the effect of DME on phase equilibria
of methane hydrate, as well as the possibility of the use of the PRO/II computer simulation to estimate the phase
equilibria. In systems containing water and a gaseous component like, for instance, methane, ethane , and propane,
gas hydrates may occur, if conditions in terms of pressure and temperature are satisfied. Mixtures of gases, e.g.
LPG or natural gas, are also able to form gas hydrates in the presence of water. The experiments presented here
were performed at temperatures varying between 268.15K and 288.15K and at pressures varying between 1.88
MPa and 10.56 MPa. It was found that the phase equilibria of methane hydrate is influenced by the addition
of DME to the system. The pressure for the equilibrium hydrate-liquid water-vapor (H - Ly, - V) in the system
water + methane is reduced upon addition of DME. The phase equilibria of methane hydrate can be estimated
by the PRO/II computer simulation, whereas those of methane hydrate containing DME or LPG can't be estimated

properly.
Key words : Gas hydrate(7}2~ 3}0] =8| 0] E), Dimethyl ether(DME, tjw| & o€ £), CH, (W&}, Kinetics(FH3-<5
E2), LPG(Y3}4]-5-712), Phase equilibrium(AFE &)

Nomenclature Q  : quadruple pont
RPM : round per minute

CP : critical point V.t vapor phase

H : gas hydrate solid phase

I : solid ice phase .M B
Ly : liquid water
L, : gas component rich phase 7}¢ slo]=e|o]| E(gas hydrate)= #&, 119} %

Peq @ equilibrium pressure
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Table 1 Hydrate Crystal Structure?

Hydrate
Structure S-1 S-1I S-H
Crystal Type cubic cubic hexagonal

Lattice
parameters a=1.203 a=1.731 a=1.226, c=1.017

(nm)

Cavity small | large | small | large | small | med | large
Cavity type 512 5]262 5]2 51264 5]2 435663 51268
Number of | | ¢ | 15 | g | 3| 2 1

cavities
Cavity radius| 39110433 10.390 [0.468| 0391 | 0.406 |0.571

(nm)

Coordination |, | 54 | 59 | 28 | 20 | 20 | 36
number
No. of H,O
in an unit 46 136 34
cell

Ideal 6X « 2Y 8X « 16Y 1X e3Y ¢« 27 «

composition”|  « 46H,0 |  136H,0 34H,0

Note: a. Number of oxygens at the periphery of each cavity. b.
X and Y refer to large voids and 12-hedra, respectively;
Z indicates the 435663 cavity.
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3} F2-T(S-1)***”9} L. Pauling and R. E. Marsh
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molecular diameter / capacity diameter)+= 7}2 S]]

Table 2 Ratios of molecular diameter ratio to cavity>”

Name Diameter R
N 415A 0.82
O, 3.8A 0.75

Methane 436A 0.86
H.S 458A 091
Ethane 5.52A 0.94
Propane 6.28 A 0.94
i-butane 6.5A 0.98
n-butane 7.1A 1.07
CO, 512 A 0.77
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Table 3 P-T curve data for CHs hydrate obtained by
experiment and PRO/Il simulation

Temperature Pressure (MPa)

(XK) Experiment PRO/I
272.15 1.88 2.52
274.15 3.11 2.92
275.15 331 3.20
276.15 3.70 3.55
277.15 4.21 3.95
277.65 4.25 4.11
281.15 6.13 5.92
284.15 7.91 8.20
285.15 9.37 9.28
288.15 10.56 13.31
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