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A B S T R AC T

Stabilizing CO2 concentration in the atmosphere is vital because of the increasing rate of using 
fossil fuels in the industries and buildings for heating purposes. Further, shortage of potable 
water in most of the world needs cheap and effi cient methods for desalination of seawater. CO2 
hydrate is a good solution for both problems. By CO2 hydrate formation in the presence of sea-
water, CO2 is captured and stored in a safe place. Then it is decomposed to carbon dioxide and 
desalinated water where they are desired. Afterward, desalinated water is consumed by any 
leaving thing and CO2 is consumed by plants. In this study, CO2 hydrate is formed at 2.5–4.5 
MPa and 0–8 °C in a 5 l semi-batch reactor in the presence of synthetic saline waters and Per-
sian Gulf water. In all experiments, two stages of CO2 dissolution and hydrate formation are 
observed. After ending hydrate formation, pressure is released and temperature is gradually 
increased to take effect the decomposition. The salinity of the produced water is measured 
and compared to raw water salinity to defi ne the effi ciency of the separation. The separation 
ef fi ciencies of the dissolved solids are measured about 6–52% in most of the experiments.
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1. Introduction

Reducing the concentration and storing CO2 away 
from the atmosphere is a challenging subject for the scien-
tists. CO2 storage in the form of hydrate on the ocean’s bed 
is one of the new methods for the CO2 sequestration [1].

CO2 hydrates (CO2, 5.75–6.00 H2O) are crystalline 
solids that are more properly called clathrate hydrates 
to distinguish them from stoichiometric hydrates found 
in inorganic chemistry [2].

Sarshar and Fathikalajahi [3] studied the kinetics of 
CO2 hydrate formation in saline waters in a 3 l semi-
batch reactor at 3.0–4.4 MPa and 0–5 °C. They distin-
guished three stages of hydrate formation such as CO2 
dissolution, nucleation and growth by measuring CO2 
consumption versus time.

Lee et al. [4] produced gas hydrate from CO2/H2 gas 
mixtures with the addition of tetrahydrofuran (THF) in 
a semi-batch stirred vessel at various pressures and tem-
peratures to investigate the CO2 separation and recov-
ery properties. They determined the gas uptake during 
hydrate formation and composition changes in the 
gas phase by gas chromatography. They observed the 
impact of THF on hydrate formation from the CO2/H2. 
They found 1.0 mol% of THF to be the optimum concen-
tration for CO2 capture based on kinetic experiments.

Kumar et al. [5] developed a hybrid process for the 
capture of CO2 and H2 from a treated fuel gas mixture. 
Their process consisted of two hydrate crystallization 
stages operating at 273.7 K and 3.8 and 3.5 MPa, respec-
tively. These operating pressures at the crystallization 
stages were possible by adding 2.5% by mole propane. 
Propane enabled the reduction in the hydrate forma-
tion pressure and thus reduced the cost associated with 
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