Adsorption of Asphaltenes on Metals
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The mechanism of asphaltene deposition is not well established; however, there are likely several steps in the deposition process including: 1) precipitation of asphaltenes upon a change in the operating conditions (temperature, pressure, composition); 2) flocculation of precipitated asphaltene particles; and 3) adhesion/cohesion of the flocculated asphaltenes to the reservoir rock or production and processing equipment surfaces. Asphaltenes can also adsorb directly on a surface before precipitation. Direct adsorption is therefore a potential source of deposition but may also be a factor in the adhesion/cohesion of the flocculated asphaltenes that likely form the bulk of any deposited material.

The adsorption of Athabasca and Cold Lake C7-asphaltenes on stainless steel (304L), iron and aluminum powders was measured using UV-Vis spectrophotometry. The effects of resins, temperature, and n-heptane-to-toluene ratio were also investigated. In all cases, Langmuir (type I) isotherms were observed indicating that asphaltenes saturated the available surface area for adsorption. The saturation adsorption of asphaltenes on metals (0.25-2.7 mg/m²) was of the same order of magnitude as adsorption of asphaltenes on minerals. The saturation adsorptions were less than the monolayer surface coverage observed on water-in-hydrocarbon emulsion interfaces, indicating that there are a limited number of adsorption sites on the metals. In general, higher mass saturation adsorptions were observed when asphaltenes self-associated to greater extents and consequently larger molecules adsorbed on the surface. On a molar basis, adsorption of different asphaltenes on metals appeared to be similar.

