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EXPERIMENTAL PROCEDURE AND RESULTS TO MEASURE THE COMPOSITION OF GAS HYDRATE, DURING CRYSTALLIZATION AND

AT EQUILIBRIUM, FROM N 2 -CO 2 -C 2 H 6 -C 3 H 8 -C 4 H 10 GAS MIXTURES (1) BOUILLOT Baptiste, (1) LE QUANG Duyen, (1) LE QUANG Du, (1) HERRI Jean-Michel , (2) GLENAT, Philippe, (2) DUCHET-SUCHAUX, Pierre (1) Gas Hydrate Dynamics Centre, Ecole Nationale Supérieure des Mines de Saint-Etienne, France (2) TOTAL S.A, France

Context

-Study, from an experimental point of view, the gas hydrate formation of various hydrocarbon gas mixtures in an instrumented batch reactor.

-Determine the equilibrium points (P, T) and Composition of each phase (gas x G , liquid x L , hydrate x H ). -The molar composition at equilibrium for gas mixtures are given and present uncertainties inferior to 4% (for both gas phase and hydrate phase).

-The modeling part is presented in [6] and discuss the relevancy of thermodynamics in this case The offshore extraction of petroleum in deeper conditions increases day after day and favors the conditions of hydrate formation (low temperature and high pressure), representing a great concern in flow assurance. Actually, another parameter comes into play, because as the oil/gas fields matures, the fraction of water increases. 

Experimental results

G x

Others experimental results on gas mixtures (example)

-Other data available in the full text.

-Most of the experimental data were obtain from quick crystallization process -One experiment from slow crystallization to detect a possible kinetic effect (see [6])

•--

  Δx i /x i = 3% (mol. Frac.), • ΔT = 0.2°C, • ΔP = 0.1 bar, • Δm w = 0.1g (of mass of injected water), • Δm w (liq. sample) = 0.1g, • ΔV R = 3% (Reactor Volume), • Δρ w = 10 kg.m -3 , • Δρ H β = 40 kg.m -3 . • Ρ w = 1000 kg/m 3 . • ρ H β = 790 kg/m 3 . Gas hydrates equilibrium experiments of hydrocarbon gas mixtures (N 2 -CO 2 -CH 4 -C 2 H 6 -C 3 H 8 -C 4 H 10 ) were performed in an instrumented batch reactor. Pressure and Temperature of equilibrium for quick crystallization (high crystallization rate) are given and are in accordance with literature data.
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 3 Figure 3. Experimental procedure
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 2 Figure2. Calculation procedure (see also[1])
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 4 Figure 4. Experimental and literature [2,3,4] equilibrium data of pure CO 2 gas hydrates.
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 5 Figure 5. Experimental and literature [3,4,5] equilibrium data of pure CH 4 gas hydrates.

Table 1 .

 1 Molar compositions of the studied gas mixtures (std. dev. ≈ 3%)

	Gas	CO 2	N 2	CH 4	C 2 H 6	C 3 H 8 n-C 4 H 10
	mixtures						
	Gas 1	-	-	1	-	-	-
	Gas 2	1	-	-	-	-	-
	Gas 3	0.24	-	0.76	-	-	-
	Gas 4	0.225	-	0.775	-	-	-
	Gas 5	0.821	0.179	-	-	-	-
	Gas 6	0.057	-	0.915	0.028	-	-
	Gas 7	0.053	-	0.919	0.028	-	-
	Gas 8	0.052	-	0.919	0.029	-	-
	Gas 9	-	-	0.953	0.028	0.019	-
	Gas 10	-	-	0.864	0.057	0.053	0.026
	Gas 11	-	-	0.848	0.05	0.076	0.026
	Gas 12	0.055	-	0.917	0.028	-	-

Figure 1. Experimental set-up

Validation on others experimental results Pure CO 2 and Pure CH 4 :

  Experimental data of CH 4 -C 2 H 6 -C 3 H 8 gas mixture… … and numerical results in the table 2 below.

	Figure 6.					
	Xgas (C1)	Xgas (C2)	Xgas (C3)	Xhyd (C1)	Xhyd (C2)	Xhyd (C3)	N Hyd .
	99.18 0.57 0.24	88.18 7.08 4.73	6.27
	98.96 0.77 0.27	86.60 7.95 5.45	6.46
	98.63 1.01 0.37	85.10 8.76 6.14	7.32
	98.18 1.33 0.49	84.43 8.94 6.63	6.65
	97.52 1.87 0.61	84.31 8.85 6.84	8.05
	97.16 2.08 0.77	83.90 8.74 7.36	8.90
	96.75 2.32 0.93	82.44 8.31 9.25	7.59
	96.39 2.48 1.13	81.96 8.12 9.93	8.38
	96.02 2.60 1.38	80.69 7.74 11.57 10.05