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Conclusions

• A novel high pressure calorimetric cell equipped with a mechanical agitation and a dynamic pressure control has been developed and tested.

• The temperature and enthalpy calibrations have been performed ; the precision and the sensitivity constant have been determined.

• the cell prototype has been used to obtain equilibrium data and phase change enthalpy of the CO 2 hydrate • The experimental results obtained are in good agreement with literature data, and demonstrate the potentialities of this novel equipment Equilibria 290 (2010) 109-114 Thermodynamic properties of gas hydrates (e.g. phase equilibrium data, phase change enthalpies, specific heat, etc.) can be obtained by using high pressure calorimetric techniques.

However, in some cases, one of the major drawback to existing devices is the absence of in-situ agitation leading to problems such as efficient gas solubilization, long induction times, formation of an hydrate crust covering the gas/liquid interface, low hydrate to water conversion, etc.) 

Outline

General views

The mechanical agitation in the measuring cell is provided by a removable rotary shaft on which star washers have been welded (N < 200 RPM).

The link between the wellhead and the measuring cell is provided by two concentric tubes allowing the agitator shaft to rotate freely in the middle of the tubes.

The space let between the agitator shaft and the first tube is used for the admission of the fluids into the cell, while the annular space between the two concentric tubes allows flowing the fluids to the outlet.

The direction of the fluid flow is completely reversible and the pressure inside the cell can be dynamic controlled during the experiment. T fusion _ref (°C) T fusion _exp (°C) Water 0,00 ± 0,05 0.1 ± 0.1 Cyclohexane 6.5 ± 0.3 6.7 ± 0.2 n-C12 -9,7 ± 0,3 -9,9 ± 0.2 n-C 14 5.6 ± 0.9 5.3 ± 0.2 n-C16

18 ± 1 18,1 ± 0,2 reference (NIST) Tdisso (°C) ∆Hdisso (J/geau) 
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  Image from Lenny Martinez (LAL), MSc thesis Development, tests and validation in our laboratory (LFCR, France) of a novel type of calorimetric cell for BT 2.15 and C80 SETARAM calorimeters :
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  Picture of the prototype (B) High pressure cell and its agitation system (C) Prototype installed on a SETARAM BT 2the presence of the in-situ agitation triggers the crystallization (rupture of the metastability, reduction of the induction time) • the stirring process no creates noise/perturbation of the calorimetric signal • a good reproducibility in the results is obtained Plantier a,* , Jean-Philippe Torré a , Laurent Marlin a , André Rémi b , Le Parlouer Pierre b C ir c u la tio n o f fl u id s th ro u g h a n n u la r s p a c e s Mechanical agitator located inside the measuring cell Fluid flow from inlet to outlet (through the measuring cell) Uchida et al. (1995) 0.5 65.22 Yoon et al. (2003) quadruple point Q1 57.66 Anderson (1983) 9.0 -1.0 58.2 -62.5 Dalahaye et al. (2006) 7.1 65.22 Sabil et al. (2010) 7.6 (P = 3.0 MPa) 62.48