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ABSTRACT

In this paper, water desalination was performed by R141b hydrate formation in systems con-
taining refrigerant and a brine aqueous solution to determine of R141b hydrate growth rate
and efficiency of process. Kinetic experiments were conducted with initial temperatures of 0,
2, and 4˚C with saline concentrations of 1, 2, 4, and 6% weight of NaCl and also with the
molarity 0.304mol/L of NaCl, KCl, CaCl2, and MgCl2 aqueous solutions. The results show
that R141b hydrate formation rate depends on the saline concentration, initial temperature,
and salt type. Moreover, the results of water desalination based on R141b hydrate formation
indicate that the removal efficiency depends on the ionic size and electrical charge. Each
dissolved mineral is removed in following order: Kþ1[Naþ1[Caþ2[Mgþ2 with 59–70% of
efficiency.
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1. Introduction

Clathrate hydrates are crystalline solid compounds.
These crystals are composed of hydrogen-bonded
water molecules (host molecules) and some other gas
species (guest molecules). Water molecules form a
cage-like structure at high pressure and low tempera-
ture conditions. The guest molecules, such as methane,
ethane, and others hydrocarbons are trapped in the lat-
tice and stabilize the structure [1,2].

During recent years, several techniques of desalina-
tion have been investigated by freezing and gas
hydrate methods [3–6]. The hydration methods for
desalination of seawater have been studied for the past
50 years considering the capability of gas hydrates to
form a solid substance consisting of distilled water

and hydrate former [7,8]. Gas hydrate formation as a
novel method to produce potable water from seawater
was proposed in 1940 and received significant atten-
tion in 1960s and 1970. In USA, many companies used
this method in pilot plant scale [9]. Ngan and Englezos
(1996) performed many experiments for the recovery
of water from pulp mill effluents and 2.5% (wt) NaCl
solutions through the hydrate formation of propane
[10].

Also, refrigerant gas hydrates which are formed
above 0˚C at moderate pressure can be considered as
promising materials for energy storage and desalina-
tion of water, also, they are especially suitable for air
conditioning systems [11,12]. The main problem in
energy storage systems of gas hydrates is how to over-
come the potential barrier at the interface between
water phase and liquid (or gas) refrigerant to increase
the rate of mass and heat transfer for refrigerants–water*Corresponding author.
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