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Visual observation of nucleation sites of methane and methane-ethane-propane hydrates and their fur-
ther growth in water – organic liquid – gas systems with/without surfactants was carried out. Sapphire
Rocking Cell RCS6 with transparent sapphire cells was used. The experiments were conducted at the
supercooling DTsub = 20.2 �C. Decane, toluene and crude oils were used as organics. Gas hydrate nucle-
ation occurred on water – metal – gas and water – sapphire – organic liquid three-phase contact lines.
At the initial stage of growth hydrate crystals rapidly covered the water – gas or water – organics inter-
faces (depending on the nucleation site). Further hydrate phase accrete on cell walls (sapphire surface)
and into the organics volume. At this stage, growth was accompanied by water «drawing out» from under
initial hydrate film formed at water – organic interface. Apparently, it takes place due to water capillary
inflow in the reaction zone. It was shown that the hydrate crystal morphology depends on the organic
phase composition. In the case of water-in-decane emulsion relay hydrate crystallization was observed
in the whole sample, originating most likely due to the hydrate crystal intergrowth through decane.
Contacts of such crystals with adjacent water droplets result in rapid hydrate crystallization on this
droplet.

� 2018 Elsevier B.V. All rights reserved.
1. Introduction

Gas hydrates are crystalline non-stoichiometric inclusion com-
pounds, where hydrogen-bonded water molecules play the host
role and small molecules (methane, ethane, hydrogen sulfide,
nitrogen, carbon dioxide, hydrogen, propane, isobutane, etc.), occu-
pying the cages in the host framework act as guests [1]. Currently
flow assurance issues are particularly acute in connection with the
development of offshore oil production and pipeline transportation
of hydrocarbons. It encourages researchers to find effective meth-
ods to control the hydrate formation and deposition [1–3]. In the
modern theories the hydrate formation is considered as a sequen-
tial process including the formation of nuclei, crystal growth and
agglomeration [1,4,5]. Process of gas hydrate nucleation is impor-
tant for understanding of their formation regularities. The driving
force of this process equals to the difference between the chemical
potentials of the water and gas molecules in the hydrate at the
experimental conditions and in equilibrium state by definition
(for example [6,7]). In case of pure gas – water system it was
shown that the degree of supercooling is proportional to the driv-
ing force (Gibbs energy change) within a wide pressure range in
isothermal conditions [8].

Hydrate nucleation occurs on boundary of water and hydrate-
forming gas (liquid containing dissolved hydrate-forming sub-
stance), or on the line of water – hydrate-forming gas – solid (as
a rule, the reactor design elements) [9–15]. Wilson with co-
workers showed that the tetrahydrofuran (THF) – water mixtures
behave themselves like pure water, and adding a seed (crystal
AgI) leads to decrease of required subcooling [9]. Induction periods
of the formation of cyclopentane, THF, tetra-n-butyl ammonium
bromide and methane hydrates were studied in the presence of
solid particles with different hydrophobicity [10]. Addition of glass
beads hydrophobized with octadecyltrichlorosilane led to signifi-
cant decrease of induction time of the hydrates formation. The
nucleation of gas hydrate from binary methane-propane mixture
at the interface of water droplet located on an inert and immiscible
perfluorodecalin and in the hydrocarbon oil (squalane) was studied
in papers [12,14]. A comparison of the curves for the nucleation in
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