
HAL Id: hal-02311213
https://hal.science/hal-02311213

Submitted on 10 Oct 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Thermodynamics of cyclopentane hydrates formation
from brine: experimental and modelling study

Baptiste Bouillot, Son Ho-Van, Jérome Douzet, Ana Cameirao, Daniel Garcia,
Jean-Michel Herri

To cite this version:
Baptiste Bouillot, Son Ho-Van, Jérome Douzet, Ana Cameirao, Daniel Garcia, et al.. Thermodynamics
of cyclopentane hydrates formation from brine: experimental and modelling study. JETC 2019 - Joint
European Thermodynamics Conference, May 2019, Barcelone, Spain. . �hal-02311213�

https://hal.science/hal-02311213
https://hal.archives-ouvertes.fr


THERMODYNAMICS OF CYCLOPENTANE HYDRATES FORMATION FROM 

BRINE: EXPERIMENTAL AND MODELLING STUDY

Baptiste Bouillot1*, Son Ho-Van1,3, Jérome Douzet1, Cameirao Ana1, Garcia Daniel2, Jean-Michel Herri1

1Mines Saint-Etienne, Univ Lyon, CNRS, UMR 5307 LGF, Centre SPIN, France
2Mines Saint-Etienne, Univ Lyon, Univ Jean Moulin, Univ Lumière, Univ Jean Monnet, ENTPE, INSA Lyon, ENS Lyon, CNRS, UMR 5600 

EVS, Centre SPIN, France
3 Hanoi University of Mining and Geology, Viet Nam * Corresponding author: bouillot@emse.fr

Introduction

Hydrates can be used to remove salt  from saline water or to 

clean water as a purification method

Objective

 NaCl, KCl, NaCl-KCl, CaCl2, Na2SO4, MgCl2, MgCl2-

NaCl, MgCl2-NaCl-KCl at different concentrations

 Develop four models based on Standard Freezing Point

Depression (SFPD) equation, Hu-Lee-Sum (HLS)

correlation, Kihara and Activity-Based Occupancy

Correlation (ABOC) to predict the equilibrium

conditions.

Cyclopentane (CP) hydrates-based desalination

Apparatus

1. Reactor

2. Cryostat

3. Impeller

4. Agitator

5. Cooling jacket

6. Motor

7. Temperature transmitter

8.  Computer

9. Temperature probe

10. Drying oven

11. Ion chromatography

12. Camera

Thermodynamic data and Modelling

Conclusions
 Phase equilibrium data of CP hydrates

in saline systems were determined.

 Simulated results agree well with

the experimental equilibrium data

 Model predictions within 0.2°C accuracy

ABOC approach

results

12

Model. Na2SO4 MgCl2 MgCl2- NaCl MgCl2-

NaCl-KCl

NaCl KCl NaCl-

KCl

CaCl2

SFPD 0.1 0.5 0.4 0.3 0.3 0.3 0.2 0.4

Hu-Lee-Sum 0.3 0.7 0.4 0.2 0.5 0.3 0.3 0.5

Kihara 0.2 0.5 0.2 0.1 0.2 0.1 0.1 0.2

ABOC 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.2

Up to eutectic point and salt co-precipitation !

Experimental observation

 4 thermodynamic approaches:

- Standard Freezing Point Depression (SFPD)

- Hu-Lee-Sum correlation

- Kihara approach

- Activity-Based Occupancy Correlation (ABOC)

𝜃 𝑎𝑤 = 𝑚 × 𝑎𝑤
2 + 𝑛 × 𝑎𝑤 + 𝑝

occupancy of cavities correlated to water 

activity
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