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Paraffin deposition is among several challenges faced in deepwater petroleum production.  Incipient wax-oil gel deposits form on cold surfaces and consist of a large fraction of liquid oil occluded within a 3-D n-paraffin crystal matrix.  The deposits age with time via a molecular diffusion mechanism where there exists a critical carbon number (CCN); wax molecules with carbon numbers greater than the CCN diffuse from the bulk fluid into the liquid phase of the gel deposit, and vice versa.  In this work, cold finger experiments are performed to investigate deposition occurring under conditions of bulk precipitation.  When the bulk fluid temperature condition remains below the cloud point, stable crystals form in the bulk fluid, effectively sequestering the high molecular weight paraffin components from the bulk liquid phase and limiting molecular diffusion into the gel deposit.  At sufficiently low bulk temperature conditions, a secondary CCN value can be defined, which establishes an upper bound to the range of paraffin components which diffuse into the gel deposit.  As the bulk fluid temperature condition decreases, an increasing fraction of paraffin components form stable crystals in the bulk fluid, such that the secondary CCN value decreases.  When the bulk fluid temperature reaches the deposit surface temperature, the primary and secondary CCN values converge, and deposition and aging cease.  Bulk stabilization is responsible for the decrease in wax deposition rates observed at large flow distances in sub-sea crude oil pipelines, and may be accurately predicted from a component basis using a lab-scale wax deposition device.

