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Morphology and its influence on rheology of clathrate-hydrate forming emulsions
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Multiphase transport in petroleum pipelines may be plagued by the formation of clathrate hydrates. Clathrate hydrates, or
simply “hydrates” are unusual crystalline solids formed of water and a guest molecule such as methane. Hydrates pose
potentially severe hazards to subsea hydrocarbon transport due to the possibility of blockage of a pipeline by a hydrate
plug: such plugs are notoriously difficult to remediate as will be discussed.
While hydrates of gases form at high pressure, cyclopentane forms hydrate under atmospheric pressure and serves as a
very good laboratory model for high-pressure gas hydrates. This work addresses the morphological characteristics of
cyclopentane as well as pentane gas hydrates and their relation to the bulk rheological properties of the CP hydrate
emulsion. We use a combination of crystal morphology visualization at a single water drop and rheometric studies using
density-matched water-in-oil emulsions (to avoid sedimentation/creaming effects). The work discussed here will focus on
the effect of an oil-soluble surfactant sorbitan monooleate (Span 80). In the absence of surfactant, a faceted polycrystalline
hydrate shell develops around the water drop limiting transport of hydrate former cyclopentane to the free (liquid) water
which remains trapped inside the hydrate layer. The presence of Span 80 at concentrations greater than 0.01% by volume
in the oil phase leads to a hairy or mushy hydrate morphology. A detailed analysis is presented to explain the role of Span
80 on transport and driving force for the morphological development. The impact of this morphology on the rheology of
the emulsion includes cases of large viscosification and jamming. A mechanism for the evolving rheological behavior is
presented.
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