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The demulsification of water-in-crude oil emulsions treated with chemicals from two homologous series with known structure and composition was characterized via bottle tests, transient shear viscosity measurements, equilibrium interfacial tension experiments, and a novel procedure that uses nuclear magnetic resonance (NMR) relaxometry to track dynamic changes in microstructure. The first series of chemicals consists of several nonylphenol formaldehyde resins (PR) with increasing content of ethylene oxide/propylene oxide (EO/PO) groups, which act as hydrophile for these molecules. The second series is a family of crosslinked polyurethanes (PU) with molecular weight dependent on the extent of crosslinking. 

Results indicate that PR promoted coalescence and fast separation of the water phase. Optimum performance was observed at an intermediate EO/PO content, in a fashion consistent with the condition of optimum formulation for minimum stability of conventional water/oil/surfactant mixtures. In contrast, PU promoted flocculation of water drops without significant coalescence.  Apparently the flocculation is promoted by a bridging mechanism. When added concomitantly, PR and PU acted synergistically, i.e., the rates of coalescence and water separation were higher that those measured for emulsions treated with either PR or PU. However, an excess of PU was detrimental to coalescence. A mechanism for the demulsification of water-in-crude oil emulsions is proposed to explain these findings.

