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Abstract 

The importance of studying clathrate hydrate is not only the issues in the oil and gas extraction and 

transportation, but also several new applications, like water treatment, carbon capture and storage, air 

conditioning, or even planetary science [1]–[3]. The enormous amounts of methane hydrate which 

have been found in the world’s oceans and Polar Regions, is also a vital importance [4]. Hence, it is 

obvious that studying the thermodynamics and the crystallization mechanisms of clathrate hydrates is 

really inevitable to investigate gas hydrate phenomena. 

However gas hydrates from hydrocarbon gas mixtures have been widely studied, but few data 

involving propane and butane are available. Moreover, these studies do not provide the hydrate 

volume and water consumption. The determination of the gas composition in hydrate phase, as well as 

its volume, is also technical challenges and few data is available in the literature. During the last 

decade, our “GasHyDyn” team has measured equilibrium data for many gas mixtures [5], [6], and this 

document adds new data involving propane. Based on a new approach in our laboratory, the molar 

composition of each phase (Gas, liquid and hydrate phases) as well as hydrate volume and water 

conversion has been also investigated. This document also adds the impact of the crystallization rate 

on the composition of gas in hydrate phase during the crystallization and final state, based on two 

different experimental procedures; quick crystallization process and slow crystallization process. To 

evaluate the importance of kinetic effects on hydrate formation, a thermodynamic model, implementing 

classic van der Waals and Platteuw model, were used. 

The results show that from the same initial conditions, the final pressure and water conversion are 

slightly different for two different crystallization processes (Figure 1). Furthermore, it was noticed that 

the enclathration of the heavier molecule (here propane) is more important at slow than quick 

crystallization rate and composition of propane in hydrate phase at final state in slow crystallization is 

more than quick crystallization. The Volume of hydrate and also water conversion in quick 

crystallization process is larger than slow crystallization rate. Moreover, the thermodynamic simulation 

of hydrate phase has a better accordance with the results of slow crystallization rate. Hence, it might 

be concluded that mixed hydrate equilibrium could not be at thermodynamic equilibrium. 

 

 

 

 



 

  

Figure 1. The comparison between the results of equilibrium points for a mixture of methane-propane and two 

different crystallization rates. 

 

References 

[1] J. Douzet, M. Kwaterski, A. Lallemand, F. Chauvy, D. Flick, et J.-M. Herri, « Prototyping of a real size air-
conditioning system using a tetra-n-butylammonium bromide semiclathrate hydrate slurry as secondary two-

phase refrigerant – Experimental investigations and modelling », Int. J. Refrig., vol. 36, n
o
 6, p. 1616‑1631, 

sept. 2013. 
[2] N. H. Duc, F. Chauvy, et J.-M. Herri, « CO2 capture by hydrate crystallization – A potential solution for gas 

emission of steelmaking industry », Energy Convers. Manag., vol. 48, n
o
 4, p. 1313‑1322, avr. 2007. 

[3] M. Karamoddin et F. Varaminian, « Water desalination using R141b gas hydrate formation », Desalination 

Water Treat., vol. 52, n
o
 13‑15, p. 2450‑2456, avr. 2014. 

[4] E. D. Sloan et J. Koh Carolyn, Clathrate Hydrates of Natural Gases, 3rd éd. Taylor & Francis, 2007. 
[5] J.-M. Herri et E. Chassefière, « Carbon dioxide, argon, nitrogen and methane clathrate hydrates: 

Thermodynamic modelling, investigation of their stability in Martian atmospheric conditions and variability of 

methane trapping », Planet. Space Sci., vol. 73, n
o
 1, p. 376‑386, déc. 2012. 

[6] D. Le Quang, D. Le Quang, B. Bouillot, J.-M. Herri, P. Glenat, et P. Duchet-Suchaux, « Experimental 
procedure and results to measure the composition of gas hydrate, during crystallization and at equilibrium, 
from N2–CO2–CH4–C2H6–C3H8–C4H10 gas mixtures », Fluid Phase Equilibria, oct. 2015. 

 

0

5

10

15

20

25

30

0 5 10 15

P
re

s
s

u
re

 (
b

a
r)

 

Temperature (C) 

Quick crystallization process

Slow crystallization process

Water conversion: 

Quick crystallization process: 20% 

Slow crystallization process: 12% 


