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Water transport in n-alkane phases through
diffusion and emulsion: insights into oil

remobilization from a pore-scale perspective
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Several controlling mechanisms have been proposed to explain oil remobilization due to low-salinity effects.
Among them, osmosis and water-in-oil emulsification have been widely reported as two potential mecha-
nisms. However, our knowledge of these processes is limited, and their associated time scales are not well
understood. To verify their roles, we have conducted a series of experiments in oil-wet microfluidic devises.
The solid surface in the micromodels have been rendered oil-wet via a silanization procedure. Sequential fluid
injections with high-salinity water (HSW), pure or surfactant-added synthetic oils, and low-salinity water
(LSW) are performed to obtain a fluid distribution where oil is sandwiched between disconnected HSW wa-
ter and connected LSW. Such fluid distribution is assumed to be prevalent in natural reservoirs. A 2,797 ×
2,238 µm2 region is continuously observed for over 70 hours under a high-resolution microscope. We observe
that the salinity contrast over oil films can cause water transport through the oil and lead to swelling of the
trapped high-salinity water, resulting in the movement of oil phases within the pores. Dodecane displays
higher water transport than heptane. We compare salinity contrasts of 1.7-170 g/L and 50-170 g/L. The higher
salinity contrast induces higher water transport for both heptane and dodecane. The lower salinity contrast
of 50-170 g/L salinity contrast gives less water flux, even reaching zero after a prolonged time. With the ad-
dition of a surfactant (SPAN 80) to alkanes, we observe spontaneous emulsification at the LSW-oil interface,
while no apparent micro-emulsions were found at the HSW-oil interface. We notice an increase of almost
100 times in water flux for both n-heptane and n-dodecane. This increase is due to the enhanced formation
of micro-emulsions of water-in-oil. The emulsification process weakens the influence of salinity on the trans-
port of water molecules in the oil phases. Our experiments provide direct pore-scale observation of dynamic
spontaneous emulsification at the LSW-oil interface, whereas we could not detect any micro-emulsions at the
HSW-oil interface. Based on our observations, two scenarios for explaining water transport through the oil
phase are proposed: water diffusion due to chemical potential gradient and water transport via reverse mi-
celle or micro-emulsions movement. The relative influence of these two transport mechanisms is dependent
on the rate of generation of emulsions at the LSW-oil interface, which we observe to be significantly altered
by surfactants in the oil phase.
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